Comparative Physiography of the Lower Ganges and Lower Mississippi Valleys. by Rizvi, S. Ali ibne hamid
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1955
Comparative Physiography of the Lower Ganges
and Lower Mississippi Valleys.
S. Ali ibne hamid Rizvi
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Rizvi, S. Ali ibne hamid, "Comparative Physiography of the Lower Ganges and Lower Mississippi Valleys." (1955). LSU Historical
Dissertations and Theses. 109.
https://digitalcommons.lsu.edu/gradschool_disstheses/109
COMPARATIVE PHYSIOGRAPHY OF THE LOWER GANGES AND 
LOWER MISSISSIPPI VALLEYS
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Geography
 ̂ by9. Ali IJt**Hr Rizvi 
B*. A., Muslim University, l9Mf 
M. A*, Muslim University, 191*6 
M. A., Muslim University, 191*6 
May, 1955
EXAMINATION AND THESIS REPORT
Candidate: ^  A l i  X. H. R iz v i  
Major Field: G eography
Title of Thesis: Comparison Between Lower Mississippi and Lower Ganges*
Brahmaputra Valleys
Approved:
Major Prj for And Chairman





t o  R  ̂ / q
ACKNOWLEDGMENT
The author wishes to tender his sincere gratitude to 
Dr. Richard J. Russell for his direction and supervision 
of the work at every stage; to Dr. Fred B. Kniffen for his 
valuable suggestions and guidance; to Dr. Robert C. West 
for guidance in planning maps; and to Dr. William G. Haag, 
Mr. John Vann, Dr. William G. Mclntire, and Dr. James P. 
Morgan for their valuable criticism of manuscript and en­
couragement.
Thanks are due to Mr. Iqbal Ahmed for drawing maps and 
to Miss Helen Harrell and Mrs. Joie R. Porter for typing 
dissertation.
The author also wishes to express his sincere thanks 
to his niece, Miss Binte Zehra Rizvi, whose assistance in 





TABLE OF CONTENTS........................  iii
LIST OF PLATES...........................  ix
ABSTRACT.................................  x
INTRODUCTION.............................  xiii
I THE DRAINAGE BASIN OF THE GANGES RIVER... 1
PHYSICAL CHARACTERISTICS................. 1
THE GANGES AND ITS TRIBUTARIES..........  h
The Ganges.  ...................  if
The Jumna...........................  &
The S o n 10
The Ramganga........... •••••••••••••• 12
The Gandak............. ............  Ik
The Kosi............................  15
The Brahmaputra..................   16
The Meghna ......  21
CLIMATE AND VEGETATION...................  23
DIVISIONS OF THE GANGES VALLEY........... 28
The Upper Ganges Valley.............  31
The Middle Ganges Valley..........   31
The Lower Ganges Valley •••••• 32
iii
CHAPTER PAGE
COMPARISON WITH THE MISSISSIPPI BASIN. 3L
II OLDER GEOLOGIC FEATURES................ LI
SIWALIK DRAINAGE SYSTEM...............  LI
Siwalik-Indobrahm Hypothesis.........  LL
Dismemberment of the Siwalik River
System. ....  ............     L9
THE GANGES STRUCTURAL TROUGH............... 53
Thickness of Deposits. ••••••  ........  55
Suess*s Explanation..................   56
Burrard*s Hypothesis.................. 57
Oldham*s Interpretation of Geodetic
Data.............................  59
THE INDUS AND BENGAL-ASSAM TROUGHS........  63
COMPARISON OF GEOSYNCLIN ES IN THE GANGES
AND MISSISSIPPI VALLEYS............... 66
Mississippi Structural Trough....  66
Gulf Coast Geosyncline...........   69
III PLEISTOCENE TERRACES OF THE GANGES VALLEY.. 73
BASIC CONCEPTS......................... 7L
Changes in the Level of Land and Sea.• 77
Correlation of European and North
American Glacial and Interglacial 
Stages •••••••............    76
Effect of Pleistocene Level Changes
on Streams.  ................ 79
PLEISTOCENE TERRACES IN THE GULF COAST AREA 81
The Prairie Terrace.  ................. 82
iv
CHAPTER PAGE
The Montgomery Terrace............    83
The Bentley Terrace.  ......  84
The Williana Terrace..................  85
Pleistocene Stratigraphy. ..... ••••• 86
Mechanics of Terrace Formation......... 88
STUDY OF QUATERNARY IN INDIA................ 90
Quaternary Terminology of the Upper
Ganges Valley.....................  94
Khadar and Bhangar  .........  96
Bhabar and Terai  ................. 96
The "Old Alluvium” of the Lower Ganges
Valley............................  97
The Madhupur Jungle............... 99
The Barind........................  101
The Lalmai Hills.................. 102
Speculations Regarding the Formation of
"Old Alluvium"...... ..••.•••••••• 103
Are the Patches of "Old Alluvium"
Pleistocene Terraces?............. 106
IV THE CHANGING DRAINAGE PATTERNS OF THE LOWER
GANGES VALLEY..........................  109
SOURCES OF INFORMATION......................  109
Old Hindu Scriptures.   .......   110
Historical Records.....................  110
Travellerfs Accounts.  ..........    Ill
Pt'olemy’s Description..........   Ill
Archaelogical Evidence........   112
Modern Maps ..............    112
CHAPTER PAGE
THE POST-SIWALIK DRAINAGE....................  113
MODERN DRAINAGE PATTERNS.....................  115
Rivers of the Fourteenth Century........115
Rivers of the Sixteenth Century.......   117
Rivers of the Seventeenth Century*•••••• 118
Rivers of the Eighteenth Century........ 121
EVOLUTION OF THE PRESENT RIVER SYSTEM.......  124
The Ganges-Brahmaputra Doab............. 126
The Meghna-Brahmaputra Valley.•••••••••• 128
The Deltaic Plain••••••••••••••••••••••• 132
BAERiS LAW IN RELATION TO BENGAL RIVERS.......133
V THE FLOOD PLAINS.............................  139
The Brahmaputra................*........  139
The Ganges........ *.....*..............  142
The Meghna******................*........ 146
STREAM PATTERNS..............................  146
Braided Patterns  .................. 146
Meander Patterns  .....  149
LAND FORMS.................................... 151
Alluvial Cones  .......  151
Natural Levees......    152
BHILS AND JHEELS.............................  154
Sylhet Jheels......... *................  155
Chalan Bhil..... *....................... 156
vi
CHAPTER PAGE
VI THE DELTA.................................... 159
DEFINITION..*...............................  159
ESSENTIAL FEATURES OF A DELTA............... 163
STRUCTURE.................................... 160
The Bottomset Beds...........   170
The Foreset Beds.......     170
The Topset Beds.............   171
THE MISSISSIPPI DELTA.......................  174
THE GANGES DELTA.................    176
VII SURFACE FEATURE OF THE GANGES DELTA........  167
RIVERS AND KHALS............................  167
The Bhagirathi...............   16?
The Jalangl.........          190
The Bhairab................••••••...... 191
The Matabhanga.•••••.•••••••••••••••••• 191
The Garai-Madhumati.......   192
The Arial Khan........     193
The Padma..................... •••••.... 194-
STREAM PATTERNS............    196
Meander Patterns........  ........  196
Network Patterns.  .......  197
Braided Patterns..........    196
DEAD AND DYING RIVERS..........    196
BHILS AND JHEELS............................  204
vii
CHAPTER PAGE
LAND FORMS..................................  208
Natural Levees. .....    208
Dwips. .....  210
SEDIMENTATION...............................  212
Sedimentary Load.............     212
Thickness of Sediments  .......  217
Growth of Delta........    219
VIII MODERN SUBDELTAS OF THE GANGES.............. 221
The Bhagirathi Subdelta. .....   227
The Bhairab Subdelta.........    229
The Matabhanga Subdelta.......  231
The Arial Khan Subdelta................ 233
The Garai-Madhuxnati Subdelta..........  235
DIVISIONS OF THE DELTAIC PLAIN.............. 237
Moribund Delta...... ...••••«•.........  237
Mature Delta.  ..........    239
Active Delta.   2i+0







I Drainage Basin of the Ganges Brahmaputra....... 5
II Divisions of the Ganges Valley.  .............  29
III Alluvial Valley of the Lower Mississippi River. 35
IV Evolution of the Himalayan Rivers..............  43
V Lower Ganges Valley - Physical Features...  96
VI Van den Broucke*s Map of Bengal (1660)......... 119
VII Rivers of the Eighteenth Century...............  122
VIII Lower Ganges Valley - Drainage Patterns   125
IX A Bend of the Ganges.......................  143
X Ganges and Brahmaputra Delta
(According to Lyell)
Ganges Delta




(According to Bagchi).............     161
XII The Ganges Delta.•••••••••••  .........••••....  168
XIII Bhagirathi S u b d e l t a . . 226
XIV Bhairab Subdelta...............   228
XV Matabhanga Subdelta.......       230
XVI Arial Khan Subdelta.............................  232
XVII Garai-Madhuraati Subdelta  ................  234
XVIII The Ganges Delta - Subdivisions................ 238
ix
ABSTRACT
The Lower Ganges Valley is, in many respects, similar 
to the Alluvial Valley of the Lower Mississippi River# The 
Ganges and Bengal-Assam structural troughs are comparable 
to the Mississippi Structural Trough and Gulf Coast Geo- 
syncline, respectively# The Pleistocene history of the 
Ganges, which came into existence as the result of disrup­
tion of the westward flowing Indobrahm-Siwalik river system, 
is, however, unique, and has no parallel in the history of 
the Mississippi River#
The study of the Pleistocene terraces in the Gulf Coast 
area of the United States leads to a possible explanation 
for the formation of the Barind, Madhupur Jungle, and Lalmai 
Hills in Bengal, which probably are the deltas built by the 
Ganges, Brahmaputra, and other streams in the northward- 
extending Pleistocene gulf, which then stood near the 
Shillong Plateau#
As in the Mississippi Valley, the drainage system of 
the Lower Ganges Valley has undergone several changes. In 
prehistoric time the Brahmaputra was diverted east of the 
Madhupur Jungle from its ancient course, which corresponds 
to the modern Jamuna channel, which it re-occupied in the
x
nineteenth century A.D. The Ganges has swung back and forth 
between its two most widely separated distributaries. In 
modern times the river has generally migrated to the east 
from the Bhagirathi to the present Padma-Meghna channel. 
Several subdeltas associated with different channels of the 
Ganges can be recognized in the deltaic plain.
Braiding is the most dominant stream pattern in the 
flood plains of Bengal, unlike which most streams of the 
L0wer Mississippi Valley exhibit a meandering tendency#
Many distributary streams of the deltaic plain of the Ganges, 
however, develop characteristic meander patterns.
The Himalayan tributaries of the Ganges and Brahmaputra 
deposit large alluvial cones which consist of gravels, 
boulders, and coarse sand, and have steep slopes, as the 
rivers debouch onto the plain from the mountains. In most 
of the Doab, however, the coalesced alluvial cones consist 
of fine and coarse sand, and bury part of the Pleistocene 
terrace.
The natural levees develop characteristically in the 
western section of the deltaic plain and exhibit a trans­
verse gradation of material. Those of the flood plains 
contain larger amounts of sand and have flatter profiles.
The horseshoe-shaped dwips are associated with many 
active channels of the delta, but the seaward extension of 
the delta face has remained constant for nearly two centuries.
xi
The role of strong tidal currents is sometimes emphasized 
to explain the phenomenon, though, in most probability, 
there are other equally important factors about which our 
knowledge is very scanty.
Lakes and marshes of different origin and form are 
scattered all over flood plain and the delta. If there is 
any connection between the subsidence of the Sylhet Jheels 
in the upper Meghna Valley and the uplift of the Madhupur 
Jungle, it is not yet ascertained, but there is considerable 
evidence in support of the view that the Jheel belt north 
of the Sundarbans owes its origin to subsidence. These are 
delta-flank depressions which, unlike those of the Missis­
sippi Delta, are still being alluviated seasonally and have 
not been enlarged to the same extent.
xii
INTRODUCTION
The Lower Ganges Valley is one of the world's most 
interesting areas to a student of alluvial morphology. It 
is a meeting.ground for three major independent river 
systems, those of the Ganges, Brahmaputra, and Meghna, 
which are vigorously contesting for supremacy over one 
another.
The writer became interested in the alluvial regions 
in general and in the Lower Ganges Valley in particular 
during his three years' stay in East Bengal, where he found 
an opportunity to gain some acquaintance with the general 
features of the area.
The present study is an attempt to compile relevant 
information bearing on the physiography of the Lower Ganges 
Valley. It was realized from the beginning, however, that 
the vast literature on the rivers of Bengal has not much to 
offer to a student of geomorphology. It was found that most 
papers on the subject are limited to the description of 
drainage patterns. Being mainly sociological and demographic 
studies, they generally emphasize the effects of river 
changes on the growth of ports and towns, distribution and 
density of population, and agricultural patterns and economy.
xiii
Any discussions on alluvial processes do not ordinarily go 
beyond an enumeration of some generalized textbook prin­
ciples, which may not be applicable to particular cases*
A comparison of the Lower Ganges Valley with the 
Alluvial Valley of the Lower Mississippi River is also 
attempted* The purpose of comparison is to understand the 
basic principles which have been evolved as the result of 
recent geological investigations in the Mississippi Valley 
and to show that similar field studies are necessary for a 
better understanding of the Ganges Valley* Lack of com­
parative data on the two alluvial valleys further restricts 
comparison to broad outlines, which, nevertheless, is con­
sidered profitable, as it brings to the fore the realization 
of our meager knowledge of the Ganges Valley,
xiv
CHAPTER I
THE DRAINAGE BASIN OF THE GANGES RIVER 
PHYSICAL CHARACTERISTICS
The Ganga or the Ganges is the most important river of 
the Indian sub-continent* It is considered sacred by the 
Hindus, and a number of sites on its banks are visited by 
thousands of pilgrims every year. The Ganges has played 
an impressive role in the religious and cultural life of 
the people of India for hundreds of years.
The Ganges together with its tributaries drains an 
estimated area of 35°,000 square miles.^ The addition of 
the Brahmaputra and the Meghna basins, and the deltaic 
plains between the Bhagirathi-Hoogly and the Meghna 
Estuary gives a total of about 700*000 square miles.
Parts:of the Ganges-Brahmaputra drainage basin are in­
cluded within Tibet, Nepal, Bhutan, Burma, Pakistan, and 
India, The drainage basin covers all or parts of the 
Indian states of Himachel Pradesh, the Punjab, Delhi, 
Rajasthan, Uttar Pradesh, Madhya Pradesh, Madhya Bharat, 
Vindhya Pradesh, Bihar, West Bengal, and Assam, and the 
Pakistani province of East Bengal,
■̂ Majuradar, S, C,, Rivers of the Bengal Delta (Calcutta 
University of Calcutta, 19^2), p, 66*
2
The watershed of the Ganges River is characterized by 
great topographic variety. Within this area are included 
some of the highest peaks of the world, a number of which 
attain an elevation of more them 25»000 feet above sea 
level. In the north the lofty Himalayan arc, which runs 
from west to east, does not form a true divide, as many 
rivers cut across this great range through deep and pre- 
cipituous gorges. The Gogra and the Brahmaputra are the 
classic examples of antecedent streams in the Ganges 
drainage basin. The Indus and the Sutlej, which belong to 
the Indus River system, also fall under the same category. 
These rivers have maintained their courses through verti­
cal cutting which exceeded in rate the Himalayan uplift.
The Ganges itself is essentially a Himalayan stream, but 
the process of headward erosion has extended it northward 
to near the Tibetan border. The northern divide of the 
Ganges Basin, therefore, is marked by the trans-Himalayan 
ranges which run parallel to and north of the great 
Tsangpo-Indus trough. Most of the left-bank tributaries 
of the Ganges, however, rise on the southern windward 
slopes of the Himalayas.
The heavy precipitation which characterizes this lofty 
mountain wall supplies the Ganges drainage system with most 
of the water it carries to the sea.
The southern boundary of the Ganges watershed is very 
well marked by the Vindhya Escarpment which slopes gently
3
to the north and gives rise to the Chambal, Sind, and 
Betwa rivers, and a number of important tributaries of the 
Chambal including the Kali and Parbati. The Vindhyas 
stretch eastward as the Kaimur Hills, in a series of 
ridges, from Gujerat to Bihar. In the eastern section, 
however, the Kaimur Hills do not form a divide as do the 
Vindhyas in the western* section. The Son and its tribu­
taries drain a large area south of the Kaimur Hills. Here 
the Maikala Range and Hazaribagh Range separate the Ganges 
Basin from those of the Narbada and the Mahanadi respective­
ly. Further east the Chota Nagpur Plateau sends off a few 
small streams flowing northward or eastward to join the 
Ganges or the Hoogly.
The western divide of the watershed of the Ganges 
River is formed by the Aravalli Mountains, which stretch 
northeastward 2*30 miles to the city of Delhi. These repre­
sent one of the oldest mountain systems of the world, first
2uplifted in pre-Vindhyan (pre-Torridonian) times. Re­
duced to a peneplain, they owe their present relief to 
subsequent rejuvenation. The highest elevation occurs in 
the southern section where Mount Abu attains an altitude 
of 5,62*6 feet above sea level. A few seasonal screams 
rising from these hills contribute to the waters of the
pSpate, 0. H, K., India and Pakistan (London, Methuen 
6* Co. Ltd., 195*1*), P. 5^81
Chambal. The Aravallis form a definite line effectively- 
dividing the two major drainage basins of the Indus and the 
Ganges.
The eastern divide is formed by the Shillong Plateau, 
a detached block of the Peninsula, and its more dissected 
outliers, the Mikir and Rengma hills, together with the 
Tertiary arc of Assam-Burma ranges. The Surma, Barak, and 
other tributaries of the Meghna River system have their 
sources in the Assam hills or Shillong Plateau. Moreover, 
all the tributaries of the Brahmaputra in the Assam Valley 
rise in these ranges.
THE GANGES AND ITS TRIBUTARIES
The Ganges: The Ganges itself rises at the Tibetan
border on the southern slope of the trans-Himalayan region. 
Its source is generally considered to be the ice cave of 
Gaimukh at an elevation of 13,600 feet.^ The Bhagirathi- 
ganga, as the Ganges is called here, receives its first 
tributary, the Janevi, from Tibet through the Nilang Gorge. 
The Janevi, being longer than the Bhagirathi-ganga, may 
just as well be considered the source of the Ganges.
Another tributary of the Ganges, which also is claimed to 
be the source of the river, is the Alaknanda. It joins
3The Imperial Gazetteer of India. The Indian Empire. 
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the Bhagirathi-ganga at Deo Prayag, and the combined stream 
is, then, called the Ganges*
The Bhagirathi-ganga near its source at Gaimukh is a
klittle stream, about 27 feet wide and 15 inches deep* The 
Alaknanda is twice as broad as the Bhagirathi-ganga at 
their confluence. Some of the snow-clad peaks skirted by 
the Bhagirathi-ganga are Kailas (21,800 ft.), Kidarnath 
(22,750 ft.), and a number of others exceeding 20,000 feet. 
The Alaknanda receives its feeders from similar peaks, 
including Kamet (25,280 ft.).
In its early course the Bhagirathi-ganga is a snow-fed 
mountain torrent. It becomes a fully developed stream 
after its confluence with Alaknanda. The Ganges traverses 
180 miles of high land region and the high Doon plain, 
where it receives on both banks the waters of the lateral 
valleys before it enters the plains through a gap at Hardwar.
The total iength of the river from the source to its
5present mouth is 1,500 miles. From Hardwar to the Rajmahal 
Gap, for a distance of little more than a thousand miles, 
it flows in a somewhat sinuous course through the plains of 
Uttar Pradesh, Bihar and West Bengal. The fall of the river 
from Hardwar to Kanpur is 19*6 inches per mile, from Kanpur
4Ibid.. p. 23* 
^Ibid., p. 23*
7
to Allahabad at its confluence with the Jumna it is 13 »0,
while between Allahabad and Patna it drops to 6*5 and
6between Patna and Rajmahal to 6.0. The low-water width 
of the stream at Allahabad is 3 >500 feet, at Patna 5>000
7feet and at Rajmahal 7,000 feet. The flood discharge of 
the Ganges at Rajmahal is 1.5 million cubic feet per 
second.^
The delta of the Ganges begins a little below the 
Rajmahal Hills, where the river turns southeastward. At 
that point it begins to distribute its water into numerous 
channels. Within this area the general slope of the land 
is 3 to 4 inches per mile.
The tributaries of the Ganges differ in accordance 
as to whether they enter the right- or left-bank. All the 
left-bank tributaries have their sources in the northern 
Himalayan or trans-Himalayan ranges, while most of the 
right-bank tributaries originate in the northward sloping 
edge of the Deccan Plateau— in the Vindhya Escarpment and 
Central Indian highlands— and some intermittent seasonal 
streams in the Aravalli Range. The Jumna, which is the most
James Fergusson, ”0n Recent changes in the Delta of 
the Ganges,” Quat. Jour. Geol. Soc. London, XIX (1863)> 354«
7Ibid., p. 324.
£Chatterjee, S. P., Bengal in Maps (Calcutta: Orient 
Longman, 1949)> p» 10.
6
important right-bank tributary, is exceptional in having 
its source in the Himalayas. The major right-bank tribu­
taries of the Ganges are the Jumna and Son, while those of 
the left-bank are the Ramganga, Gorga, Gandak and Kosi.
Near the end of its course beyond the Rajmahal Gap the 
Ganges receives the waters of the mighty Brahmaputra at 
Goalundo and of the Meghna at Chandpur.
The Jumna: The source of the Jumna is in the snow-
clad Himalayan peaks in Tehri State about five miles north
of Jamnotri Hot Springs, at an elevation of 10,650 feet.
It has an independent course of 660 miles through the
mountains and the plains before it joins the Ganges at 
9Allahabad. Its major tributary in the mountain district 
is the Tons which joins it from the north. Like the Ganges 
it enters the Doon Valley below Kalsi and descends to the 
plains through a gap at Fyzabad in Saharanpur District.
The mountain portion of the Jumna is only about half 
as long as that of the Ganges. In the first 20 miles of 
its course the fall of the river is more than 5,000 feet, or 
250 feet per mile on an average. In the next 60 miles, 
before it escapes through the Siwalik Gorge in the plains, 
the total fall is 4,500 feet, or an average of 56 feet per
^Chhibber, H. L., India. Part JE, Physical Basis of the 
Geography of India (Benares: Nand Kishore and Bros., 194577 
p. 46.
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mile. But in the remaining 750 miles of its course the 
average fall of the river is only 1.2 feet (15 inches) per 
mile.'*'0 In the plains the Jumna meanders much more than 
the Upper Ganges.
Before its confluence with the Ganges the Jumna has a 
course 100 miles longer than the former, but the volume of 
water is much smaller. The construction of irrigation 
canals, which receive their supply of water from the Jumna, 
has further reduced the volume of water in this river.
During the flood season the Jumna is three quarters of a 
mile wide at Agra, while during the low stage period in 
April and May it is reduced to a little stream of a few 
feet in width. The clear, blue water of the Jumna can be 
distinguished from the silt-charged muddy water of the 
Ganges for several miles below their confluence.
The Jumna receives a number of tributaries which rise
from the highlands of Central India and flow north or north­
east. The Chambal and Betwa are the chief tributaries. The 
Chambal issues from Janapal Hill (2,019 feet) in the Vindhya 
Range and traverses a course of 650 miles to join the Jumna
25 miles southwest of Etawa.'*"*' The course of the Chambal
"^Lyde, L. W., The Continent of Asia (London: McMillan 
and Co., Limited, 19337* P» 380.
■^Chhibber, ojg. cit., p. 48.
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is characterized by rapids and falls, the most famous of 
which is one three miles above Bhainsrorgarh with a drop of 
60 feet. The river is subject to sudden and high floods 
when it often rises about 100 feet above its dry stage 
level.
The Betwa is 250 miles long, flowing in a general
northeasterly direction from its source in Bhopal to its
confluence with Jumna near Hamirpur. In Jhansi District
of Uttar Pradesh it flows over the granite bed for about
1216 miles before it enters the alluvial plains.
The Son: This right-bank tributary of the Ganges
differs greatly from those of the left bank. While the 
Himalayan rivers contribute a considerable volume of water 
throughout the year, the Son is occasionally completely 
waterless during the dry season. But after the rains 
start in its catchment basin the volume of its water in­
creases enormously. The high stage discharge of the river 
is sometimes equal to that of the Ganges itself, the flow 
thus oscillating between 600 and 830,000 cubic feet per 
second.
12Ibid., p. 49.
130,Malley, L. S. S., Gaya. Bengal. District Gazetteers■ 
(Calcutta: The Bengal Secretariat Book Depot, 1906), p. 6.
11
The source of the Son lies in the Central Indian up­
lands and in the same general area where the Narbada and a 
number of Mahanadi tributaries rise. The hilly section of 
the Son Valley, in which the river flows before it enters 
the plains of south Bihar, is, in fact, an eastward con­
tinuation of the same strike valley in which the Narbada 
flows in the opposite direction.
••Throughout its length it receives no 
tributary of any importance from the 
north, but on the south it receives a 
number whose sources reach a distance, 
measured in a straight line, of a 
hundred miles from the main stream. On 
the north the watershed is parallel 
with and close to the river, and from 
the crest of this watershed another 
series of rivers flow more or less 
northward to the Ganges.”^
After a hilly course of 325 miles, south of the Kaimur
Escarpment, the Son enters the Ganges Valley at Akbarpur.
It runs in a northeasterly direction for another hundred
miles to meet the Ganges between Arrah and Dinapur. This
section of the river is characterized by the high eastern
embankment. This natural embankment, 12 to 14 feet high,
is formed by the heaping up of the sand from its bed by the
14R. D. Oldham, P. N. Datta and E. Vredenburg, “Geology 
of the Son Valley in the Rewa State and parts of the adjoin­
ing districts of Jabalpur and Mirzapur,** Geol. Surv. Ind. 
Memoirs. XXXI (1901), 44.
12
strong westerly winds which prevail throughout the dry
15season*
The Ramganga: One of the Himalayan rivers with its
source in Garhwal District is the Ramganga. The total 
length of the river is about 370 miles. The first 90 
miles of its course lie partly in the hilly district and 
partly in the steeply sloping alluvial cone belt which 
generally flanks the Siwaliks. It traverses many districts 
of Uttar Pradesh and finally joins the Ganges above Kanauj* 
An important tributary of the Ramganga which joins on the 
right bank, is the Koh River. It is also a Garhwal stream. 
The headwaters of both the streams lie in an area of heavy 
rainfall. Floods, therefore, are of common occurrence.
The Ramganga is notorious for deserting its channel fre­
quently .
"In the middle of the nineteenth century 
it turned its course into Dojora and 
flowed past the City of Bareilly but in 
1871 it again resumed its former course, 
about ten miles distant. It is once 
again beginning to shift towards 
Bareilly. *'16
The Gogra: Like the Indus, Sutlej and Brahmaputra, the
Gogra is a trans-Himalayan stream. It rises in Tibet 13,000
■^O'Malley, L. S. S., Shahabad. Bengal District 
Gazetteers (Calcutta: The Bengal Secretariat Book Depot..
19057,-p7"5.
^Chhibber, o£. cit•, p. 51 •
13
feet above sea level and flows through Nepal, where it is 
locally known as Karnali or Kauriala. In its upper course 
it drains the trans-Himalayan trough, 200 miles in length, 
extending from Gurla Mandhata to Bijli Pass* All of its 
affluents in this area are fed by glaciers. On entering 
Indian territory it is known by various names but below 
Bahrampur, where it receives its major tributary the Sarda 
or Chauka, it is known as the Gogra. The total length of the 
river is about 600 miles. According to Chhibber^ the Gogra 
formerly joined the Ganges near Patna but the present con­
fluence is many miles west of it.
The Sarda or Chauka represents one of the streams of a 
complicated river system. The source stream rising near 
the Tibetan border in Kumaun is known by the name of the 
Kali-ganga. After flowing for about 100 miles it is joined 
by a stream called the Sarju. The united stream is now 
called both the Sarju and the Sarda. A few miles below, 
the river divides itself into a number of channels which 
unite again to form a single stream, and forms the boundary 
between Nepal and Pilibhit District of Uttar Pradesh. The
•^Chhibber, H. L., »'The Age, origin and classification 
of the Rivers of India,11 Bui. Nat. Geog. Soc., India,
Banaras, I (191+6), 2.
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river receives the Chauka as a right-bank tributary in
Pilibhit District, which is considered as one of the old
channels of the Sarda (or the main stream). Further down
the Sarda or the Chauka meets the Gogra at Bahrampur.
The Gandak: The Bandak, sometimes called the Great
Gandak to differentiate it from two other rivers known as
the Little Gandak and Burhi Gandak, has its source in the
snow-clad peaks of Nepal. Seven feeders bring water to
this river in the central mountain basin of Nepal which is
called "Sapt Gandaki” or the country of seven Gandaks.
The Gandak has a course of 192 miles from its principal
source to its junction with the Ganges opposite Patna.
The Little Gandak which joins the Gogra at Saran is also a
Nepali stream entering the Indian territory about eight
ISmiles west of the Gandak. The Burhi (old) Gandak is 
believed to be an old course of the Great Gandak. The 
Burhi Gandak also rises in Nepal, flows parallel to and 
east of the Gandak and discharges its water into the Ganges.
The Gandak is a snow-fed river and maintains a peren­
nial flow, but there are considerable fluctuations in its 
dry weather and flood discharges. The lowest discharge of 
water in the Gandak in the month of March is little over 
10,300 cubic feet per second while the highest recorded
Chhibber, India. Part I, p. 54*
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volume of its water stands at 266,000 cubic feet per second* 
The floods are, therefore, very common and a constant 
source of hardship to the people* The most noteworthy 
feature of Gandak is that on entering the Indian plains 
from Nepal it acquires, what is described as, "a deltaic11 
character. ̂  it builds natural levees which are consider­
ably higher than the general level of the country. It 
receives no tributary in this part of its course; on the 
contrary it gives off a number of distributaries. It 
seems rather odd to call the deposits of the Gandak in 
this section "deltaic." This is undoubtedly comparatively 
coarse khadar material deposited irregularly with high 
monsoon floods on the underlying bhangar. Clearly the 
Gandak is building out the alluvial cones as the Kosi and 
the Tista are doing further east.
The Kosi: The Kosi River, sometimes called the Sorrow
of India, is probably the most devastating Himalayan stream.
It "is an example of deMartonne*s scheme of a mountain tor-
20rent with its *cone of deposition* on a vast scale."
The Chatra Gorge divides the Kosi Basin into two dis­
tinct divisions which are greatly different from each other.
^ O ’Malley, L. S. S., Muzaffarpur. Bengal District 
Gazetteers (Calcutta: The Bengal Secretariat Book Depot., 
190?y, P. k*
20Spate, oj>. cit. , p. 413*
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Near the Chatra Gorge converges the drainage of a large 
mountainous area in Nepal and Tibet. In this part of the 
basin a number of affluents issuing out of the snow clad 
peaks of Nepal and Tibetan ranges join together to be 
called the Kosi. These streams together are sometimes 
referred to as ”Sapt Kosi" or the seven Kosis. The Sun 
Kosi is probably the main stream. It rises in Tibet and 
flows a longitudinal course for about 70 miles before it 
turns east to find its exit in the Chatra Gorge. The 
Arun is another important river. It rises north of the 
Sun Kosi, flows east, and then rushes straight down to 
join the Sun Kosi near the gorge.
The seven Kosis of the mountains debouch on the pied­
mont plains as a combined stream, which follows a south­
westerly course for more than twelve miles, on an elevation
21of about 500 feet above sea level. Turning southward 
its width increases and the river starts braiding. Further 
south it splits itself into numerous braiding channels 
which carry enormous amounts of micaceous sand during the 
high flood stage. Some of these channels dry up completely 
at low stage.
^Chhibber, "The Age, Origin and Classification of the 
Rivers of India,1’ p. 3»
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The rivers draining the eastern Himalayas are subject 
to extremely violent fluctuations in volume and load due to 
heavy monsoon rains* The Kosi is a typical example. The
2;level of the river may rise as much as 30 feet in 24 hours. 
The montane catchment of the Kosi, which is about 24,000 
square miles largely in shales and sandstones, is subjected 
to considerable erosion by the swift flowing torrents in the 
monsoon months. From the montane catchment above the Chatra 
Gorge
’’the charge of detritus and sand is so great 
that, despite a flood discharge of about
200,000 cusecs, the river has no permanent 
deep channel, but ... tears through the flat 
country in numerous capricious channels. ”^3
The Kosi is notorious for changing its course. During 
the last two centuries the river has flowed through a number 
of channels which have successively shifted toward the west. 
Two hundred years ago the main channel of the river passed 
by Purnea, while the present course is more than twelve 
miles west of it. Some people believe that the Kosi had a 
more easterly course in the remote past and joined the 
Brahmaputra in Bengal.2^ A number of abandoned channels
22Spate, op. cit., p. 513»
23O’Malley, L. S. S., Bengal, Bihar and Orissa. Sikkim. 
(1917), p. 49* Quoted by Spate, op. cit., p. 514*
^Fergusson, pp. cit. . p. 344*
Majumdar, op. cit.. p. 53*
James Rennell, ”The Ganges and Brahmaputra Rivers,” 
Phil. Trans. Royal Soc. London. LXXI (1761), 91-103*
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locally known as Burhi (old) or Mara (dead) Kosis are cited 
as an evidence to support this view.
The Brahmaputra: The Brahmaputra River is not con­
sidered as important in India as the Ganges because of its 
less prominent role in the religious and cultural life of 
the people. Nevertheless, it is the longest tributary of 
the Ganges and surpasses even the master stream in length 
and volume of water. The total length of the Brahmaputra 
from its source near the eastern base of Kailas Mountain
to its confluence with the Ganges at Goalundo is about 
251,800 miles. The drainage basin of the Brahmaputra,
being 361,000 square miles in area, exceeds that of the
26Ganges by 600 square miles. The maximum flood discharge
of the Brahmaputra is estimated to be about 2,000,000
27cubic feet per second. For the first 900 miles of its 
course, the Brahmaputra flows eastward parallel to the 
Ganges, but to the north of the Himalayas. In the Tibetan 
section of its course it is known as the Nari Chu or 
Tsangpo. It enters Assam under the name of the Dihang
25Cressey, George B., Asia1s Lands and Peoples (New 
York and Londons McGraw-Hill Book Company, Inc., 1944), p. 464.
^Chhibber, India. Part I, p. 54.
27Chatterjee, oja. cit., p. 10.
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near Sadiya, through the Dihang Gorge which is some 18,000
26feet below Namcha Barwa (25,4^5 ft.). The two important
tributaries, the Dibong and Lohit, join the river a few
miles south of Sadiya and the combined stream is now called
the Brahmaputra (the Son of Brahma or Creator). Of the
three streams above the Sadiya confluence the largest is
the Dihang whose discharge rises from 39*000 cubic feet
per second at low water to 250,000 - 300,000 cubic feet per
29second at the time of high flood.
••Already at the Dihang-Dibong-Lohit 
confluence, nearly 900 miles from the 
sea, the stream even in the dry season 
is broader than Rhine or Rhone in their 
course. At high stage, after snow-melt 
and in the rains, it is an immense 
corridor of waters five miles and more 
wide, with a discharge at Goalpara of 
over half a million cusecs.’*30
During the latter part of the rainy season, when the supply
of water is at its maximum, the rise in the level of the
river at Gauhati is ten or fifteen feet which
••may not appear great if one forgets 
the general dimensions of the river, 
viz. an average width of fifteen 
hundred yards."31
2£*Spate, o£. cit.. p. 552.
^Reclus, Elisae, The Earth and Its Inhabitants. Asia, 
Vol. Ill (New York: D. Appleton and Company, I895), p. 239.
30Spate, o£. cit.. p. 552.
31J V. S. Gananthan, "Physical Environment and Human Re­
sponses in Assam," Indian Geographical Journal. XXV (1950), 
1-9.
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The Brahmaputra is a braiding stream. It carries an
immense amount of sedimentary load which is estimated to
be over 1,000,000 tons every day at the point where it
dumps it into the Ganges.^ The river constantly shifts
its channel within its flood plain.
’’Broad divergent streams split off from 
the parent river, and rejoin it after a 
long separate existence of'uncontrol­lable meandering.’’33
The banks of the river are, however, characterized by the 
presence of the natural levees which are built at the time 
of floods by the overflowing of silt-charged water. Con­
tinuous strips of back swamps flank the natural levees on 
either side of the river. These back swamps are submerged 
under the water at times of flood. Beyond the back swamps 
are gravel terraces which rise toward the base of the hills 
on both side of the valley. Similar gravel deposits are 
also found on the inter-stream islands. After a south­
westerly course of about 500 miles in the Assam Valley the 
river makes a sweeping curve round the Shillong Plateau 
and flows due south in East Bengal. In this section of 
its course a number of tributaries join the Brahmaputra or 
Jamuna, as it is called here, on its right bank, while it
32Spate, op. £it», P. 35«
33The Imperial Gazetteer of India, op. cit.. p.
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gives off some distributaries on the left bank. Among its 
right-bank tributaries the important ones are the Raidak, 
Dharla, Tista and the combined Karatoya and Atrai. On the 
left bank the important distributary is the Dhaleswari.
The Old Brahmaputra is an under-fit stream in the broad 
channel of the Brahmaputra which was abandoned in 1830 in 
favor of the present Jamuna channel. The Old Brahmaputra 
receives considerable volume of water from the main river 
at times of flood but is reduced to a narrow stream in dry 
season. The Dhaleswari, meanders its way through the low­
lands of Dacca District to join the Meghna a few miles 
south of Narayanganj. The Burhi Ganga, on the bank of 
which is the city of Dacca, represents a bifurcation of 
the Dhaleswari which it enters again some miles below 
Dacca.
The Meghna: The Meghna joins the Ganges at the end
of its journey on the eastern side of the delta. After 
their confluence at Chandpur the combined waters of the 
two rivers form a great estuary which opens into the Bay 
of Bengal and is known as the Meghna Estuary. Unlike the 
Ganges and Brahmaputra which have their sources in the 
snow-clad peaks, the Meghna is entirely fed by rain water. 
It rises in the eastern Assam hills and flows westward.
It collects the waters of the Surma and its tributaries 
draining the southern slopes of the Shillong Plateau. The
zz
excessive rains of this area make it a formidable river,»
Further down it turns southward and flows into the old
channel of the Brahmaputra, About 10 miles south of Daud
Kandi it3 volume is further increased by the junction of
the Sitalakhya, Burhi Ganga and Dhaleswari rivers. The
presence of a large number of depressions, locally called
haors, in the upper course of the Meghna, in which the
overflowing water of the river is collected during the
high flood times, tend to make it a perennial river with
considerable discharge throughout the year.
•'The general characteristics of the Meghna 
are everywhere the same, a mighty foiling 
flood of great depth and velocity, some­
times split up into half a dozen channels 
by sandbanks of its own formation, some­
times spreading out into a wide expanse of 
water which the eye cannot see across."34
Huge islands of sand (called Chars) appear and disappear
with every flood and the main current shifts from one bank
to another. In fact it is not always possible to say where
the real banks of the river are. The Meghna is a good
example of a braiding river. The width of channel varies
from about a mile at Chatalpur to some seven miles below
Chandpur.
•^Websters, J. E., Tippera, Bengal District Gazetteers 




The climatic conditions in the watershed of the Ganges 
River are as varied as the topography* It is an area of 
great climatic contrasts. The arctic temperatures of the 
perpetually snow-clad Himalayan ranges and the high valleys 
containing some of the largest mountain glaciers of the 
world, can be contrasted with those of western Uttar 
Pradesh and Rajasthan where maximum temperatures of 120°F, 
in May-June are not uncommon.
The rainfall and humidity contrasts are also of the 
same order. Rajasthan has an average annual rainfall of 
5-10 inches and relative humidity as low as 2-3$. Bengal 
and Assam have the highest rainfall and a high humidity of 
90-95$» Cherrapunji, with an average rainfall of 438 
inches per year, is commonly regarded as the rainiest
36place in the world.
The term, "monsoon climate,*' is generally employed to 
sum up all the important features which characterize the 
climate in this large area. One of the most important 
characteristics of this type of climate is the unequal 
distribution of fainfall throughout the year. June to 
September are the four rainiest months of the year. Some
*aA^ Spate, ojo. cit., p. 45*
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75-90$ of total annual rainfall (depending on location)
may be received during these four months while the rest is
distributed during the remaining eight months. Since the
Ganges watershed receives most of its rain from the Bay of
Bengal branch of the southwest Monsoon, the amount general









Inches Inches Per Cent
0 Calcutta 62.5 1*7.0 75400 Patna 48.5 a . 9 86
625 Allahabad 39.1 31*. 0 871000 Delhi 26.8 22.7 85
The Himalayan slopes show a comparatively higher average 
rainfall than the places having the same longitudes in the 
plains, but the east to west decrease is equally marked.
The variability of rainfall in the watershed of the 
Ganges ranges from 15 to 30$.^ Intensity of rainfall is 
also a very significant factor effecting river regimes 
and floods. Falls of 10-20 inches in hours are not rare. 
At times a very large area may have a uniformly high rain­
fall, as for example an average of 5 inches in two days was
^ Ibid.. p. 44.
•^Stamp, L. D., Asia (London: Methwen &• Co., Ltd.,
Eight ed. 1950), p. 1937“
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39recorded for 30,000 square miles of Madhya Pradesh. The 
cyclonic winter rainfall of the Punjab and western Uttar 
Pradesh, though small in amount, is important in sustain­
ing the western Himalayan glaciers as the precipitation of 
snow associated with these cyclones is considerable.
The natural vegetation of the Ganges watershed has 
been profoundly modified by man. Extensive forests, mostly 
of sal, Shorea robusta. are known to have existed in the 
past throughout the Ganges Plain. In the distribution of 
natural vegetation climate is the determinant factor, but 
rainfall, with greater range of variability, is more sig­
nificant than temperature. In the Himalayas, however, due 
to altitude, temperature and rainfall are equally important.
’•Soil factors are generally of secondary 
significance, though of course they play 
a decisive role in controlling the distri­
bution of species and associations within 
the major types, mainly through variations 
in ground moisture leading to the occur­
rence of wet types well outside their 
normal rainfall limits, and vice versa.11̂
In his standard work on forests in India, Champion^ has
distinguished fifteen major and as many as 116 minor
39^ Spate, op. cit.. p. 59*
^°Ibid., p. 66.
^Champion, H. H., A Preliminary Survey of Forest Types 
of India and Burma. Indian Forest Records, New Series, 
Silviculture, Vol. I, 1936.
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forest types throughout the sub-continent* Most of the 
fifteen major types are represented in the Ganges watershed.
Assam and Bengal, with the highest average rainfall, 
support evergreen rain forests which require more than 80 
inches of rain annually. The true evergreen rain forest, 
with a large number of species, is found on the slopes of 
Assam hills below the 3,500 foot contour line. Most of 
the lowland forests in these states are classified as 
semi-evergreen forests. Mangrove forests are of consider­
able importance in Bengal, where they develop in a broad 
belt along the coast extending from the Hoogly Estuary to 
the eastern part of Barisal District. The Sundarbans, as 
the mangrove forests are called here, can be divided into 
two distinct belts. Contrary to the common belief and 
textbook descriptions the sundri, Heritiera llttoralis. 
is not the predominant species throughout these forests.
The northern belt is almost wholly composed of the sundri 
tree which, however, diminishes toward the south and the 
west where the tides make the water of the rivers more 
saline than the optimum for the sundri. The most dominant 
species in the southern belt is the garan, Ceriops 
candolleana. The sundri is less frequent and inferior in 
quality. These tidal forests extend along the banks of the 
streams which are composed of soft tidal mud and are 
covered by water at every tide.
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West of the rain forests and south of the Himalayas, 
the deciduous monsoon forests form the natural cover of a 
very extensive area, stretching right across the Ganges 
Plains, the Deccan Plateau and the slopes of the Siwalik 
Hills* Most important of these are the tropical moist 
deciduous (sal) forests* The sal (Shorea robusta), teak 
(Tectona grand!s). shisham (Dalbergia sisso) etc. are the 
most important species in this forest type. The tropical 
dry deciduous forests, with shisham and Acacia catechu, 
merge with thorny scrubs of the arid margins.
At least three vegetational belts, with transitional 
zones between them, can be distinguished in the Himalayas. 
Eighty-eight degrees east longitude is considered the 
dividing line between the more rainy eastern section and 
less rainy western section. A sub-tropical hill vegeta­
tional belt occurs on the lower slopes between 3,000 to
6.000 feet. Evergreen oaks, chestnuts, with occasional 
ash and beech predominate in the east, while chir, Pinus 
longifolia. is the dominant tree in the west. Sals and 
pines may be found in both.
The temperate Himalayan forests which extend from
5.000 feet to about 11,500 feet are the most wide-spread 
type. “A closed forest mainly of evergreen oaks, laurels,
I o
and chestnuts, with undergrowth often dwarf bamboo” is 
found below 9,500 ft., while the upper slopes are mainly- 
covered with high but open conifers with occasional oaks, 
laurels and bamboos. Most common species are pines, 
cedars, silver firs, rhododendrons and spruce. This is a 
rainfall zone of 1+0-100 inches. In the wetter east more 
broad-leaved evergreens are mixed with the dominant coni­
fers, but in the intermediate ranges of moderate rainfall 
(2+5-70 inches) deodar, Cedru3 deodara. assumes great 
importance. Toward the drier west “conifers, including
deodars and junipers, predominate, with scattered oak and
v, tA3 ash. ”
The open Alpine forest and scrubs extend generally up 
to 12,000 feet and in favorable localities to over 12+,000 
feet. The lower limit may also vary from 9»500 feet up­
ward. Silver firs, junipers, pines, birches, and rhodo­
dendrons are the commonest species, which grade into 
evergreen scrubs and bushes higher up.
DIVISIONS OF THE GANGES VALLEY
The Ganges Valley is a sharply defined physiographic 
unit. It is an east-west trending feature limited in the 
north by the Siwalik Hills, which rise abruptly above the
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plains, and in the south by the northern edge of the Deccan
Plateau. The northward extending Aravallis, though not
very spectacular physiographically, are an effective divide
between the Indus and Ganges river systems and form the
western limit of the Ganges Valley. The Shillong Plateau
and the Assam hills form the eastern boundary
All along the northern margin of the valley is a
continuous bhabar-terai zone.
••The bhabar ( = porous) is simply the great 
detrital piedmont skirting the Siwaliks, 
where the stream profiles suddenly flatten 
out and the coarser detritus - boulder and 
gravel - is deposited. In this tract, 20 
miles wide in the west but narrowing east­
wards, the smaller streams, except when 
in spate during the rains, are lost in the 
loose talus, to seep out again where the 
slope is still flatter and finer material 
is deposited in the marshy and jungly 
terai below.”44
South of the bhabar-terai belt the main physiographic varia­
tion within the Ganges Valley is that between the khadars 
( =* flood plains) of the main and tributary streams and the 
bhangars ( “ old alluvium) of the doabs. On the basis of 
the khadar and bhangar distribution, the Ganges Valley can 
be conveniently divided into three sections, called the 
Upper, Middle and Lower.
^ I b i d . . p . 4 9 5 .
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The Upper Ganges Valley: The section of the valley-
west of the Jumna-Ganges confluence at Allahabad is 
generally referred to as the Upper Ganges Valley, It is 
characterized by strips of khadar alluvium along the main
45and tributary streams. The rivers have a higher gradient
than in the other two divisions and have a considerable
erosive capacity at flood times. The dominance of upland
bhangar alluvium of the doabs over the khadars is an
important characteristic of the Upper Ganges Valley*
••There is of course a great development of 
dead arms, deferred junctions, and jhils 
in the broad flood plains, which on the 
greater rivers are several miles across 
and in the rains have almost the aspect 
of arms of the sea, with a great expanse 
of water extending right to the horizon 
up and down stream.
The khadars of the lower Chambal and Jumna are bordered
by great belts of badlands and ravines. The right banks
of the rivers are generally the higher.
The Middle Ganges Valley: The Middle Ganges Valley
is a transitional region between the Upper Valley, which 
is largely bhangar, and the Lower Valley, which is mainly
^Ganges - Hardwar to Kanpur, 19.0 inches per mile,
Kanpur to Allahabad, 13«5 inches per mile, 
Jumna - about 15*0 inches per mile.
46Spate, op. cit.. p. 495*
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khadar with small patches of the bhangar standing as islands. 
There is much greater khadar development here than in the 
Upper Ganges Valley but large bhangar areas, specially in 
north Bihar, continue to be dominant.
The Lower Ganges Valley: The Lower Ganges Valley is
the region south and east of the Rajmahal bend of the 
Ganges, and is characterized by widespread distribution 
of the khadar. It includes the flood plains of the Lower 
Ganges, the Brahmaputra and the Meghna, the deltaic plain 
and the dissected alluvial plains of the Ganges-Brahmaputra 
and Brahmaputra-Meghna doabs. Most of the topographic 
features of the Lower Ganges Valley have been fashioned by 
the depositional activity of the streams. Some near the 
coast result from the work of waves. Brosional activity of 
the streams is mainly indicated by dissected alluvial cones 
in north Bengal. Several subdivisions of the region have 
been proposed, most of which also take climatic, vegeta- 
tional and cultural factors into account. Based on topo­
graphic variety and the dominant processes involved in 
their formation, the region lends itself to a simple three­
fold subdivision.
1. The Ganges - Brahmaputra Doab - This includes the 
interstream area between the Ganges and the Brahmaputra in 
north Bengal. It is a region of alluvial cones or ”cones 
of dejection*' deposited by a number of mountain streams
33
including the Sankosh, Torsa, Jaldhaka, Tista, Mahananda 
and Mechi.
2. The Meghna - Brahmaputra Valley - The Meghna- 
Brahmaputra Valley includes that part of Bengal which lies 
east of the Brahmaputra and northeast of the Ganges-Padma 
channel excluding, of course, the coastal plains of 
Chittagong. This is a transitional tract between the 
alluvial cone region and the deltaic plain and shows the 
characteristics of both. In the northern and eastern 
part of the Meghna Valley are the dissected alluvial cone 
deposits which stand above the flood level but large parts 
of Dacca and Noakhali districts are deltaic in character. 
This, in fact is a combined subdelta of the Brahmaputra 
and the Meghna built before the latter abandoned its old 
course to become a tributary of the Ganges.
3 . The Deltaic Plain - It is a triangular tract of
land bounded on the west by the Bhagirathi, the first
•>distributary of the Ganges, on .the northeast by the Padma- 
Meghna channel and on the south by the Bay of Bengal. The 
sites of the ruins of Gaur, the ancient capital of Bengal, 
marks the apex of this triangle and the Bay is the base.
This is a typical deltaic region. A number of the distribu­
taries of the Ganges, some of which are not active anymore 
and are locally called "dead” or "dying" rivers, have been 
the main channels of the Ganges at one time or the other.
3if
COMPARISON WITH THE MISSISSIPPI BASIN
The drainage basin of the Mississippi River being
1,245,000 square miles, ^  is one of the largest in the 
world. It exceeds in area the combined watersheds of the 
Ganges and Brahmaputra by more than 500,000 square miles 
and is about four times as large as the basin of the 
Ganges River.
The watershed of the Mississippi River is bounded on 
the west by the Rocky Mountains which exceed 10,000 feet 
at a number of points. The location of these mountains 
with respect to the Mississippi is similar to that of the 
Himalayas to the Ganges. Between the Rocky Mountains and 
the River are the Great Plains which slope toward the 
latter from an elevation of about 5,000 feet above sea 
level, but the absence of a similar feature in the Ganges 
watershed is only too conspicuous.
The Appalachian Mountains, which form the eastern 
divide of the Mississippi drainage basin, like the Vindhyas 
of India, are of lower elevation. The westward extending 
Appalachian Plateau is comparable to the Malwa Plateau 
bordering the Vindhyas.
^Elliott, D. 0., The Improvement of the Lower 
Mississippi River for Flood Control and Navigation 
(Vicksburg: U. S. Waterways Experiment Station, 1932),
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The comparatively ill-defined northern divide of the 
Mississippi which “consists of an irregular series of ele­
vations varying from less than 1000 feet to more than
2,000 feet above sea level** is somewhat different from 
the broken, discontinuous but sharply dividing Aravallis 
of the Ganges Basin.
The watershed of the Mississippi River system is
49divisible into six major basins: The Ohio; the Missouri;
the Upper Mississippi; the Arkansas-White; the Red-Ouachita; 
and the Lower Mississippi.
The Ohio, which is formed by the junction of the 
Alleghany and MonongaJhela rivers, drains an area of 204*000 
square miles. The length of the river is about 975 miles.
Its gradient varies from 0.96 foot per mile in its upper 
part to 0.25 foot per mile near its mouth. It is generally 
a clear water stream and carries mainly sand and gravel.
The average discharge of the river being 275#000 cubic 
feet per second, its contribution to the Lower Mississippi 
waters is larger than that of any other tributary.
^ Ibid.. p. 23.
^ihe following information on the major basins of the 
Mississippi watershed is derived from Humphreys, A. A. and Abbot, 
H. L., Report upon the Physics and Hydraulics of the 
Mississippi River; etc. (Washington: Government Printing 
Office, 1876), p. 17-63; and Elliott, o£. cit., p. 24-26.
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The Missouri River Basin contains approximately 525»000 
square miles# From its source to the confluence with the 
Mississippi the river is 2,551 miles long. It slopes more 
steeply in its upper part but below Kansas City the average 
low-water gradient is 0.83 feet per mile. The average dis­
charge of the river is 79,000 cubic feet per second but it 
is responsible for bringing down large amounts of gray silt 
to the Mississippi River.
Unlike the Ohio and Missouri, the Upper Mississippi 
River which is about 670 miles long and drains an area of 
187>000 square miles, is responsible for contributing to 
the Lower Mississippi River neither the greatest discharge 
nor the largest amount of sedimentary load.
The Arkansas-White Basin is approximately 188,000 
square miles in area and is drained by the Arkansas 
(l,h60 miles) and the White (690 miles). The White is 
comparatively a clear stream but the turbid Arkansas dis­
charges a great volume of sediments to the Mississippi 
River at flood times.
The Red and Ouachita rivers are 1,275 and 557 miles 
long respectively and drain an area equal to 88,000 square 
miles. The Red River is connected with the Atchafalaya 
and Mississippi through the Old River. It is charged with 
red colored material which resembles that of Arkansas.
The Ouachita which receives the waters of Boeuff and Tensas
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rivers is a comparatively clear stream with a pronounced 
tendency to meander*
The Lower Mississippi Basin covers an area of 53,000 
square miles and extends from the confluence of the 
Missouri River to the Gulf of Mexico* The name Lower 
Mississippi River is, however, generally applied to that 
portion of the river which lies south of Cape Girardeau 
to the Gulf. The basin comprises about 28,000 square 
miles of hilly and rolling country and 25,000 square miles 
of flat, flood plains of the river.
The most interesting feature of the Lower Mississippi 
Basin is the Alluvial Valley,*’0 which also includes parts 
of Arkansas-White and Red-Ouachita basins. It extends for 
600 miles from Cape Girardeau to the Gulf and is 35,000 
square miles in area. It consists of flood plains includ­
ing the deltaic plain below the head of Atchafalaya River 
and dissected alluvial plains which remain above the level 
of flood waters.
50The Alluvial Valley has been described here on the 
basis of information derived from the following sources:
Fisk, H. N., Geological investigation of the Alluvial 
Valley of the Lower Mississip,~>i"~River (Vicksburg. Miss. 
(Mississippi River Commission, 194477 P* 5-9*
Fisk, H. N., Fine-grained Alluvial deposits and their 
effect on Mississippi River Activity (Vicksburg. Miss. 
(Waterways Experiment Station, 1947), 3-15*
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The Alluvial Valley is a sharply defined feature. It 
is bordered by abrupt valley walls which rise 200 feet 
above the surface of the floor in the north. Southward 
from central Louisiana, the uplands forming the valley 
walls slope steeply and ultimately disappear beneath the 
near sea level marshland which border the coast.
The maximum width of the Alluvial Valley is 125 miles, 
in the latitude of Helena, Arkansas while the minimum of 
25 miles occurs near Natchez, Mississippi. The continuity 
of the flood plain is broken by two main ridges which 
stand conspicuously high in the otherwise low area. The 
bigger of the two is Crowleys Ridge which stands centrally 
in the northern part of the valley. From Commerce,
Missouri to Helena, Arkansas it is about 200 miles in 
length and in some place rises about 200 feet above the 
flood plain. Macon Ridge which extends from Pioneer, 
Louisiana as far north as Eudora, Arkansas is about 100 
miles long and is generally less than 40 feet high.
The Alluvial Valley slopes down from an elevation of 
about 300 feet at Cairo to near sea level in the deltaic 
plain. The average gradient is about 0.6 foot per mile.
The longitudinal profile of the valley consists of long 
nearly flat stretches with slightly steeper gradients 
where alluvial plains of major tributaries join the 
Mississippi lowlands.
4 0
The Lover Mississippi River, The Lower Mississippi 
River is about 970 miles long from Cairo, Illinois to the 
Gulf of Mexico. The average discharge of the river is
560.000 cubic feet per second while the maximum is over
2.400.000 cubic feet per second# In spite of the con­
siderable stage variation the normal periodic inundation 
of the lowlands has been stopped by the construction of 
the artificial levees.
The Mississippi is generally a meandering stream but
about 20 per cent of the river between Cairo and Donald-
sonville consists of straight reaches. Below Donaldsonville
the bends are still fewer and not yet fully developed.
The load of the river has been variously estimated
but it is now believed that it carries about 2,000,000 tons
51of suspended sediments to the Gulf every day.
*51J Russell, R. J., Lower Mississippi River Delta (New 
Orleans: Dept. Conserv. La. Geol. Serv., Geological Bulle­




The drainage lines of Northern India have undergone
many changes since the late Tertiary times. These changes
1 ? have been described by both Pascoe and Pilgrim, who in
1919 independently worked out a hypothesis which has since
been accepted by most people in its broad outlines. This
hypothesis postulates the existence of a river south of
the Himalayas flowing westward and then southward to the
sea. The Assam Brahmaputra, the Ganges, and the Indus,
thus formed a combined drainage line discharging into a
gulf which then occupied the present Sind. This river has
been called the "Indobrahm" by Pascoe and the "Siwalik
River" by Pilgrim. The details of this theory have been
criticized and some of them have been found unacceptable.
Different explanations are offered by Pascoe and Pilgrim
of the breaking up of the single drainage system into two
and of complete reversal of the direction of the Ganges.
It is true that many details of Pascoe*s as well as of
■̂ E. H. Pascoe, "Early History of the Indus, Brahmaputra, 
and Ganges," Quat. Jour. Geol. Soc. Londor, LXXV (1919), 
13^-59.
^C. E. Pilgrim, "History of the Drainage of Northern 
India," Jour. Asiatic Soc. Bengal. n.s., XV (1919), &1-99.
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Pilgrim1 s theory are questionable and may be subjected to 
modification or change, but the fundamentals of the theory 
remain the best starting point for any further research.
The Siwalik-Indobrahm hypothesis may briefly be 
summarized as follows:
1. In Eocene times a gulf extended northward from
Sind and then curved eastward along the foot of the Himalayas 
up to Nainital.
2, This gulf gave place to a great river which flowed 
from east to west much north of the present course of the 
Ganges and then along the line of the lower Indus, or 
probably a little more to the west.
3* The sand, gravel, and boulder beds which make up 
the Siwalik Hills were deposited by numerous Himalayan 
streams into this river.
The advancing Himalayan foothills and active 
deposition by the northern tributaries was responsible for 
shifting the river system more to the south.
5. North of the Himalayas another river of consider­
able size flowed westward which either joined the modern 
Oxus or entered Afghanistan.
6. According to Pilgrim the Post-Siwalik earth-movements 
and elevation of Potwar into a plateau brought about a dis­
memberment of the Siwalik River system.
b3
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7« Pascoe believes that the disintegration of the 
Indobrahm came about as the result of heardward erosion by 
the Punjab and Bengal, rivers which captured parts of the 
old river system.
The Siwalik-Indobrahm Hypothesis
According to Burrard and Hayden»s description of the 
general topography of late Cretaceous India, a great sea 
called the Tethys extended eastward through North Africa,
Iran, Afghanistan, and Baluchistan to the northern Himalayas 
and the central part of Tibet, being a continuation of the 
Mediterranean Sea. The northern border of present Sikkim was 
the eastern limit of this sea. To the south of the Peninsu­
lar India— a remnant of the old Gondwana continent— there 
was another sea, an arm of which extended northward cover­
ing the Burma-Assam area, while another projection fore­
shadowed the Arabian Sea.
In Eocene times a great folding movement in the north, 
as well as in the east and west of India, uplifted lofty 
mountains, and the Cretaceous sea was drained, leaving only 
a narrow sea at the foot of the Himalayas which in its 
western extension joined the Sind Gulf.
*̂ S. G. Burrard and H. H. Hayden, A Sketch of the 
Geography and Geology of the Himalaya Mountains and Tibet, 
quoted by Pascoe, o£. cit•, p. 139» (Calcutta: 1932, 2nd ed.).
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Pascoe»s Indobrahm and Pilgrim*s Siwalik River is 
believed to be the successor of this narrow strip of sea 
which gradually receded westward as the encroaching sedi­
ments of this mighty river built out land from Nainital, 
Solon, Muzaffarabad, and Attock to Sind. The extent of 
this Eocene gulf can be easily traced on a geologic map, 
for it is the site of Nummulitic limestone deposits which 
have since been upraised as foothills of the Himalayas. 
Fluctuations in the rates of sedimentation and subsidence 
may have created marine conditions or a series of land­
locked salt lagoons and lakes more than once. Pascoe then 
postulates
•teither a river already established from 
east of Nainital to Sind, or .... a series 
of lakes and lagoons extending from Simila 
to the Shirani Hills, into which flowed a 
river from the direction of Assam, the 
precursor of the Brahmaputra. At the 
other end, these lagoons were drained by 
a river flowing through Sind, the pre­
cursor of the Indus. Finally, towards 
the end of the Murree epoch (Upper 
Oligocene - Lower Miocene) the whole line 
of lagoons and the lakes were drained and 
gave place to a river."4
According to Pascoe this river rose in Assam, flowed past
the southern boundary of Bhutan and Darjeeling,
•'skirted the southern margins of Nepal and 
Kumaon, proceeded north-westwards through 
Dehra Dun and Sirmur State, up through the 
Kangra district into Jammu, thence along 
the Soan Valley south of Rawalpindi, past
^Pascoe, ojd. cit.. p. lMf«
Makhad, across Kohat to Bannu plain, 
where it turned south past the Shirani 
Hills and Bugti Hills, debouching ulti­
mately into the Sind estuary, which 
silted up in later Siwalik times 
(Upper Miocene-Pliocene) •115
On its right side the river received numerous young Himalayan
tributaries while on the left side the old rivers of the
Gondwanaland such as the Son, Chambal, and others joined it.
The hydrographic line was shifted southward in the 
Himalayan section and eastward in the Baluchistan section 
partly due to persistent uplift from Eocene to Recent times 
and partly to the excess of deposition by the right bank 
tributaries in the north and the west.
The arguments advanced by Pascoe and Pilgrim in 
support of their view, that such a river existed, may be 
summed up as follows:
1. The Eocene gulf which became the site of hydro­
carbon, coal and gypsum deposits follows the Nummulitic 
outcrop from Kumaon to Mekran Coast. This gulf was 
naturally filled by river deposits as was the Burma Gulf 
by the Irrawadi or the Mesopotamian Gulf by the Tigris and 
Euphrates.
2. The great thickness of Siwalik deposits which 
consist of sand, gravel, and boulder beds cannot be ex­
plained merely as alluvial cone deposits on a large scale
5Ibid., p. 145
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by the streams issuing out of the Himalayas. The unbroken 
belt of these deposits from Assam (to Soan Valley and 
thence) to Baluchistan and an average thickness of 16,000 
feet can best be explained if a single river is postulated.
3. The rivers entering the Ganges Plain from Peninsular 
India as well as those from the northern mountain must have 
had an outlet to the sea which could be provided by a single 
river flowing either to the southeast or to the northwest.
The fact that the Siwalik deposits do not continue to the 
sea southeastward, as they do northwestward and then south­
ward, shows that the combined drainage of all the tributary 
streams from the south and the north was in this direction.
I*. Pascoe refers to similarity of fauna in the Ganges 
and Indus basins and believes that it can be explained only 
if the presence of such a river is assumed.
5. The Shillong Plateau is probably a continuation of 
Gondwanaland in the northeast direction, being separated 
superficially by the comparatively thin alluvial deposits 
of Rajmahal-Shillong Gap. There is no rock, barrier between 
the Ganges and the Indus plains on the west as this project­
ing peninsular rock is a barrier in the east.
6 . Pilgrim has drawn attention to the occurrence in 
many of the Himalayan rivers of sharp V-shape courses as 
they leave the belt of the Siwalik deposits. The angle of 
these V's point to the northwest indicating a river flowing
2+6
in that direction. Pascoe agrees with Pilgrim1s interpreta­
tion and believes that
"the northern limb of each V may be regarded 
as the remnant of a right-bank Indobrahm 
tributary, which has persisted in its old 
westerly direction, and has become more 
deeply impressed and permanent owing to the 
upheaval of the Siwalik deposits over which 
it flows.*'®
The southern limb of these V's is represented by the south­
eastward courses of the modem streams.
7. Pascoe and Pilgrim also envisage a great "Tibetan 
River" flowing westward from Pemakoi to Gilgit on the 
northern side of the Himalayas. This river is now repre­
sented by the Tsangpo, the Manasarowar Lakes, the uppermost 
reaches of the Sutlej, the Gartang channel of the Indus and 
its tributary the Shyok to Gilgit and probably from Gilgit 
beyond. The Ladakh Nummulitics partly occupying this 
drainage line correspond in position and age to Nummulitics 
on the Indian side of the Himalayas.
In Tibet many tributaries of the Tsangpo such as the 
Kyi, Rong, Nyang, and Shabki have a westerly trend suggest­
ing the reversal of the main stream. Pascoe thinks that 
this river either joined the Oxus or found its way to the 
Arabian Sea independently or by way of the Indobrahm.
6Ibid. . p. 12*6.
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The two hypotheses of the westward flowing rivers on 
the two sides of the Himalayas mutually support each other. 
Also the parallelism in the history of these rivers further 
strengthens the argument in favor of their existence.
Dismemberment of the Siwalik River System
According to Pascoe the main cause for the dismemberment 
of the Indobrahm drainage system as it existed during the 
Siwalik times was the headward erosion of the Punjab and 
Bengal rivers, which captured different portions of the 
great stream. This process was, however, accelerated or 
in some cases initiated by an uplift or a subsidence.
In the Punjab the Indobrahm was captured by the head­
ward cutting of the leftbank tributaries of the southward 
flowing lower Indobrahm. It was first captured by the 
Jhelum, then successively by the Chenab, Ravi, Beas,
Sutlej and Ghaggar. Probably persistent subsidence in the 
valleys of these rivers facilitated headward erosion and 
piracy. It is possible, Pascoe agrees, that the order of 
capture might not have been precisely the same but it is 
almost certain that the Ghaggar was the last outlet of the 
Indobrahm to the Arabian Sea.
Subsequent to the Ghaggar diversion of the Indobrahm 
a number of other changes took place in the upper courses of 
the Punjab rivers. The Soan was reduced to a tiny, underfit 
stream in its wide valley, its upper course having been
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captured by the Jhelum. The upper Jhelum, in turn, was 
captured by the Chenab. While the lower portion of the 
Indobrahm was captured by the Punjab rivers, its upper 
portion in Assam was subjected to piracy by a single river 
and its tributaries or by a number of rivers draining the 
Bengal area. The Bengal portion of the modern Brahmaputra, 
locally known as the Jamuna, seized the waters of the upper 
Indobrahm as did the Ganges, which might have been a 
tributary of the Jamuna or an independent river. Pascoe 
thinks that the continued sinking of the Bengal-Assam 
trough, created as a result of the Shan movement of Burma, 
was responsible for the northward extension of the rivers 
and final capture of the Indobrahm. The whole of the 
upper Indobrahm from Dhubri upward was captured by the 
Jamuna while the Ganges worked its way back in the middle 
part of the river and captured it portion by portion as 
far west as Hardwar, where finally the Alaknanda was 
captured.
The Jumna (of Uttar Pradesh) was still not a member of 
the Ganges drainage system. It flowed to the east, and was 
the upper continuation of the Ghaggar (Saraswati) which 
probably also received the waters of the Sutlej. The capture 
of the Jumna (upper Ghaggar) by the Ganges system came in 
prehistoric times, as the result of which the lower Ghaggar, 
having been disconnected with the source of water, lost
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itself completely in the deserts of Rajputana. Thus the 
Hindu legend of the Saraswati meeting the Ganges at Allahabad 
seems to be founded on facts*
The disintegration of the Indobrahm, according to Pascoe, 
both in the Punjab and Bengal came in the late Siwalik and 
Recent times, but prior to these changes the Tibetan River 
on the northern flank of the Himalayas had already ceased 
to be a continuous westward flowing river. In the west the 
Attock tributary of the lower Indobrahm captured the Tibetan 
River* In the east the Tibetan River was in turn captured 
by the Irrawadi-Chindwin, Meghna and Indobrahm or Brahmaputra. 
The middle portions of this river were probably also captured 
by the Kali Gandak (Phokl Pass), Karnali and Sutlej but at 
the present time it flows east to join the Brahmaputra and 
west to form the modern Indus, having lost connection with 
the above-mentioned three streams*
Pilgrim emphasizes the part played by earth movements 
in the disruption of the Siwalik River system. Like Pascoe 
he believes thatdifferent portions of the Siwalik-Indobrahm 
were captured by a number of streams as the result of head­
ward erosion, but he thinks that the earth movements re­
juvenated these streams to cut back and capture the main 
river portion by portion.
The thin alluvial cover on the Rajmahal-Shillong Gap is 
indicated by Pilgrim as the southern flank of the great river
52
valley. He thinks that much of the Bay of Bengal, then,
formed a continuous part of Gondwanaland which seems to be
indicated by the
••complicated drainage system and breadth 
of the Mahanadi, so disproportionate to 
its length, as well as the entire absence 
of any fluviatile deposits older than 
Sub-Recent•’’?
The large-scale subsidence of the floor of the Bay of 
Bengal, according to Pilgrim’s theory, increased the 
capacity of the southward flowing rivers of Bengal-Assam 
area to cut back and capture portions of the Siwalik River. 
The Post-Siwalik earth movements of the northwest Punjab, 
which upraised the Potwar Plateau, further accelerated the 
process of disintegration of the Siwalik River by damming
it northwest of Kangra.
&As Spate has pointed out, the subsidence hypothesis 
may support Pilgrim1s views but there are obvious diffi­
culties in accepting it and as he says
’’these events were after all quite recent 
and there should be clear traces of re­
juvenation, if not in the rapidly aggraded 
area of the Rajmahal-Shillong Gap at t. 
least in the upper Mahanadi Basin; and it 
is doubtful if his contention can be squared 
with the evidence for the general persis­
tence of the east coast and its character of 
a raised plain of marine erosion."
7Pilgrim, o£. cit., p. 91*
6Spate, 0. H. K., India and Pakistan (Londons Methuen 
and Co. Ltd., I95*f) * P« 31 •
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The Bengal-Assam structural trough flanking the western 
slopes of the Arakan Yoma has long been subjected to sedi­
mentation and subsidence which process continues up to 
this day as indicated by bore hole evidence. In the 
opinion of the present writer, Pilgrim*s point of view is 
better explained if we assume a change of gradient of the 
Bengal rivers (leading to headward erosion and river capture) 
as the result of subsidence of sediments filling the trough 
rather than the subsidence of the projected Gondwanaland 
now forming the floor of the Bay of Bengal,
THE GANGES STRUCTURAL TROUGH
The great alluvial area of Northern India, commonly 
known as Indo-Gangetic Plain, which lies between Peninsular 
India on the south and the Himalayan Mountains on the north, 
has received scant attention from the geologists probably 
because of the monotony of Pleistocene and Recent alluvium 
which characterizes these plains. Almost nothing is known 
about the physical history of the area during the long 
geological periods of the past. As the result of upraising 
of the Himalayas, Lesser Himalayas and the Siwaliks this 
area underwent many physical changes which are subjected to 
much speculation* The deep alluvial mantle does not permit 
a direct geological study of the features which lie buried 
under it.
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The total area of the Northern India plains, which 
extend from Sind in the west to Bengal and Assam in the 
east, is about 300,000 square miles* The east-west length 
of these plains is about 1,500 miles and the width varies 
from 300 miles in the west to about 90 in the east. The 
alluvial drowning of the physical features of the Indo- 
Ganges trough existing at the time of Siwalik upheaval came 
mainly during late Pliocene, Pleistocene, and Recent times. 
In fact, no boring has ever been able to penetrate through 
the Pleistocene in the Upper and Middle Ganges Valley, while 
the Recent assumes an even greater thickness in the deltaic 
area of the Ganges which is known to be aui area of active 
subsidence.
q n OAs shown by Medlicott (1664), Middlemiss (1691),
Burrard ( 1 9 1 5 ) Oldham ( 1 9 1 7 ) , and others, both geo­
logical and geodetic evidence points to the existence of a
qH. B. Medlicott, *'0n the geological structure and 
relations of the southern portion of the Himalayan range 
between the rivers Ganges and Ravi,M Memoirs, Geol. Surv. 
India. Ill, pt 2 (1664), 1-212.
S. Middlemiss, "Physical Geology of the Sub- 
Himalaya of Garhwal and Kumaun," Memoirs, Geol. Surv. India. 
XXIV (1691), 59-200. 1
■^S. G. Burrard, M0n the Origin of the Indo-Gangetic 
Trough, commonly called the Himalayan Foredeep," Proc. Roy. 
Soc.. A, XCI (1915), 220-36.
■^R. D. Oldham, "The structure of the Himalayas, and of 
the Gangetic Plain, as elucidated by geodetic observations 
in India," Memoirs, Geol. Surv. India. XLI1 (1917), 149-301.
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large structural trough to the south of the Himalayas extend­
ing from the Salt Range to Assam. This structural trough 
("Gangetic Structural Trough” of Oldham) does not co-extend 
exactly with the Indo-Ganges Plains. It extends more to the 
north of the plains and probably lies not far from the 
southern slopes of the Siwalik Hills.
There is little doubt that the Ganges Structural Trough 
underwent a considerable subsidence during and following the 
Pliocene times, though its origin may be traced back to the 
breaking up of the Gondwana continent in the Cretaceous.
That there is an intimate connection between the Himalayan 
orogeny and the formation of this vast depression is believed 
by all; what exactly is the nature of this connection is not 
fully understood and difference of opinion exists among 
geologists regarding many details.
Thickness of Deposits: Oldham, Burrard, and others seem to
agree in the interpretation of the geodetic data from which
they have calculated the maximum thickness of 15,000 to
20,000 feet of sediments in the Ganges Trough. According
to them the greatest depth occurs nearer the margin of the
northern mountains than the southern Gondwana continent
13toward which the depths gradually decrease. Glennie,
^E.A. Glennie, "Gravity Anomalies and the Structure 
of the Earth^s Crust,” Survey of India, Professional Paper 
No. 27, (1932).
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however, has challenged these conclusions on the basis of 
new gravity anomaly reading and believes that the maximum 
depth is 6,500 feet or so#
Suess*s Explanation: Eduard Suess^ has offered an
explanation for the formation of the Ganges Trough in 
connection with his general theory on the formation of 
mountains in Asia. He believes that an outward push from 
some central point in Siberia resulted into buckling of 
continental margins. As the greatest resistance to the 
advancing waves was offered by the stable Peninsular India 
the mountains here attained the greatest height on the 
earth. In front of the main upfold a downward buckle or 
•’fore-deep'1 was formed analogous to the Tuscarora deep in 
front of the arc of Japan* The Himalayan ••fore-deep" was 
subsequently filled by the sediments brought down by the 
rivers mainly from the north.
Broad outlines of Suess's explanation have met with 
general acceptance though the details of his theory have 
been subjected to much criticism and it has been realized 
by most geologists that the formation of the Ganges Trough 
is much more complicated than suggested by Suess’s simple 
explanation#
•^Suess, Eduard, The Face of the Earth (Oxford: At the
Clarendon Pres3, I9I9), vol. IV, p. 6l2-17.
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1CBurrard»s Hypothesis: Burrard1s views J regarding the
origin of the depression are mainly based on physical and 
geodedic considerations and are so opposed to the accepted 
geological ideas that they were found unacceptable by most 
of the geologists* He considers the Himalayas to have been 
caused by the contraction of sub-crust as it cools* The 
Ganges Trough, .according to him, is a great rift valley 
formed as the result of sinking of a portion of the earth*s 
crust when parallel faults or cracks occurred in the sub­
crust* The main rift is intimately connected with the ele­
vation of the Himalayan Mountains* As the rift was being 
filled by the sediments of the Himalayan streams, further 
cracking and contraction caused the recently deposited 
alluvium to be folded, producing the Siwalik Hills* While 
he postulates a sub-crust so plastic as to allow complete 
isostatic compensation within a depth of 75 miles or so, 
he believes the sub-crust at the same time possesses a 
rigidity of such a degree that a huge crack 1,500 miles 
long and 20 miles deep will be produced under tension* The 
direction of movement, which according to his theory came 
from the south with the shrinking of the sub-crust, makes it 
further difficult to accept his views. Suess has indicated 
a movement from the north which is generally accepted in 
view of the strong support from geological evidence*
■^S. G* Burrard, M0n the Origin of the Himalaya Mountains,” 
Survey of India* Professional Paper No. 12 (1912).
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In describing the underground form of the structural 
trough Burrard postulates the existence of a region of 
high density or a “hidden chain of mountain,” parallel to 
and about if00 miles south of the Himalayas extending from 
near Calcutta through Kalianpur to Karachi and this
explains the gravity anomalies in the Ganges Plain.
16In another paper Burrard (1915) criticizes the view 
that the weight of the sediments deposited at the foot of 
the mountains has produced the structural trough. He does 
not believe that the alluvium of density 2.1 can push down 
the floor of density 2.7 to a depth which equals the thick­
ness of the sediments which in the case of Ganges Trough 
is believed to be 15*000 - 20,000 feet. He called it a 
“mathematical impossibility.“
The view that the loading of the trough may have 
accelerated the sinking of its floor, which originated due 
to some other cause, is also subjected to Burrard*s criticism. 
He points out that the deposits of the Himalayan streams are 
far from being uniformly distributed throughout the area.
The maximum thickness occurs at points where the rivers 
debouch onto the plain, which incidently do not coincide with
16S. G. Burrard, On the Origin of the Indo-Gangetic 
Trough, o£. cit•, p. 220-38.
f
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the deepest part of the trough* According to Couchman’s 
pendulam observations, the maximum depth-occurs below the 
Nepal Himalayas and this is certainly not the area of the 
largest river deposits*
16Oldham1s Interpretation of Geodetic Data: Oldham’s views
on the Ganges Structural Trough deserve the greatest atten­
tion. He has studied the problem of the structure of the 
Himalayas and the Ganges Plain in the light of geodetic 
findings and has tried to correlate the results of geological 
and geodetic investigations to arrive at a hypothesis which 
could answer most of the questions which naturally arise in 
dealing with such complex phenomena. We are primarily con­
cerned here with his ideas on the underground form and the 
extent of the Ganges Structural Trough, and the depth of 
alluvium. Probable causes of formation as suggested by 
Oldham are also briefly mentioned. Oldham begins with the 
enumeration of ‘’conclusions which are well enough established 
to necessitate their acceptance in any discussion of the 
geodetic observations.“
Quoted by Morley A. Davies, ’’The Problem of the 
Himalaya and the Gangetic Trough,” Geog. Jour.. LI (191S), 
1S1 •
16R. D. Oldham, *'0n the Geological Interpretation of 
Some Recent Geodetic Investigation,” Records, Geol. Surv. 
India. LV (1923), 78-94.
Oldham, The Structure of the Himalayas, and the 
Gangetic Plain, o£. cit.. p. 149-301.
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1* Firstt the elevation of the Himalayas and the 
Siwaliks has accompanied the compression of the rocks.
There is absolutely no doubt that the Siwalik rocks, which 
are now folded and compressed, were deposited at the base 
of the rising Himalayas in a horizontal position.
2. The most striking feature of Indian tectonic 
geology as demonstrated by Melicott and Middlemiss is the 
occurrence of a reverse fault from Assam westward to Punjab 
forming the northern boundary of the Siwalik System, as the 
'•main boundary fault.*'
3* South of the main boundary fault a series of 
faults has been located and described by Medlicott and 
Middlemiss and it has been noticed that each of these faults 
marks an abrupt limit between *'an area of uplift and erosion 
to the north and of deposition to the south" so that each 
northern fault is older than the one south of it and the 
boundary has progressively shifted southward.
4. The clearly defined southern boundary of the hills 
and the absence of outliers cropping out of the alluvium 
suggest that a structural feature similar to the main 
boundary fault marks the limit between hills and the plains. 
Since the deposits of the plains on the southern side of 
boundary are identical with and a continuation of the 
Siwalik deposits, their thickness should approximately be 
the same as that of the Siwaliks, that is to say, about
15,000 to 16,000 feet.
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5* The thickness of sediments near the southern edge 
of the alluvial plain is considerably smaller and the old 
rocks of Peninsular India project out of the thin cover of 
alluvium at a number of places, especially near the margin* 
Oldham believes that the alluvium is gradually encroaching 
upon the old land surface of rocks and the depression in 
which these deposits are made is growing southward.
According to Oldham the Ganges Trough extends from 
Assam to the Salt Range. The southern limit is not pre­
cisely marked as the gently sloping margin of the southern 
plateau is encroached upon by the ever-spreading alluvium.
The Ganges Trough does not bend around toward the Indus 
Valley in the west as do the plains nor does it extend 
beyond the Rajmahal Hills in the east. The Rajmahal-Shillong 
Gap with a small depth of alluvium is of recent origin, as 
the rocks of peninsular India extend in the northeast direc­
tion up to the Shillong Plateau.
As both the Indus and Bengal Brahmaputra valleys lie 
outside the limits of the depression, Oldham has preferred 
to call it ”Gangetic Trough” rather than ”Indo-Gangetic 
Trough.”
To estimate the depths of the trough he calculates the 
effects of an imaginary range of a simple step-like forma- 
mation which he substitutes for the Himalayas. Based on 
geodetic evidence his calculations give a depth of about
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20.000 feet between the 60th and 61+th meridians, decreasing 
to 15,000 feet in the longitude of Delhi, and reaching
20.000 feet again in upper Punjab* This shallowing, 
according to Oldham, is not due to unequal sinking but to 
the continuation of Aravalli Mountain through the floor of 
the trough across to the Himalayas*
The depths of alluvium as indicated by geodetic 
evidence is perfectly in agreement with geological results 
and this leaves little doubt that "we have reached a cor­
rect interpretation of the underground form of the Gangetic
Trough from near its northern limit to the southern 
19boundary." According to Oldham, the greatest depth of the 
trough occurs at 10 to 30 miles from the northern margin 
of the alluvial plain, which in other sections may be up to 
50 miles or more. A cross-section of the underground form 
of the trough will show a downward slope for some distance 
from the hills and then a uniform and gradual rise to the 
southern limit of the Ganges Plain. This cross-section of 
the trough somewhat resembles that given by Burrard.
Oldham critically examines the theories which have 
been advanced to explain the formation of the Ganges Trough 
and finds each one of them unacceptable for various reasons.
19Ibid.. p. 267
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Burrard*s theory of underthrust of the sub-crust from 
southward as opposed to Suess*s theory of overthrust of 
upper layers from northward to explain the Himalayan up­
lift and consequent formation of the trough, as well as 
Fisher*s theory of convection currents come under his exami­
nation and are found inadequate to explain the phenomenon.
He does not believe that the weight of sediments of Ganges 
Plain is responsible for the origin of the trough. Although 
he agrees that in some cases it may be possible, but, as he 
says, this cause **is obviously unappllcable in the case of 
the Ganges Trough.” However, whatever may be the cause of 
origin, the load of sediments has played a definite part in 
the subsidence of the trough. Granting a force capable of 
forcing down the level of the trough, the sediments, accord­
ing to Oldham*s calculation, will enable this force to push 
down the floor five times deeper than it would do without 
sediments, so that if the structural trough is 15,000 feet 
deep its depth could not exceed 3»000 feet, had it not been 
filled with alluvium as soon as it originated.
THE INDUS AND BENGAL-ASSAM TROUGHS
At the two ends of the Ganges Trough which runs in the 
same direction with and parallel to the Himalayas there 
exist two structural, troughs of smaller size both of which 
parallel the highlands transverse to the Himalayas. The
Sind Gulf or Oldham* s “Indus Trough” which lies on the west
runs from Sind northward along the valley of the Indus. In
Eocene times this gulf extended as far as Afghanistan and
“thence curved eastwards and southeastwards through Kohat
20and the Punjab to the neighborhood of Nainital.” As 
demonstrated by Oldham there is no reason to believe that 
the Indus Trough was connected with the Ganges Trough. The 
two troughs are separated by a rock barrier which runs under 
the Punjab Plains up to Salt Range the presence of which is 
pointed by the outcrops of old rocks at a number of places.
At the eastern end of the Himalayas and the Ganges Trough 
we find two parallel depressions separated by the Arakan 
Yomas running at right angles to the Ganges Plain. These 
two depressions are known as the Burmese Gulf and Assamese 
Gulf. They were part of a north-south geosyncline and were 
separated as the result of uplift of the Arakan Yoma in late 
Cretaceous and Eocene times. Throughout the Tertiary, when 
active sedimentation was filling these troughs, they under­
went subsidence. The presence of a considerable longitudinal 
structural trough in Bengal-Assam area flanking the western 
slope of the Arakan Yoma seems to be indicated by active 
subsidence of deltaic sediments which have assumed great
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depths. This structural trough may be called the Bengal- 
Assam Structural Trough to differentiate it from the Ganges 
Trough on one hand and the Irrawadi or Burma Trough on the 
other.
Summary: The discussion on the nature and origin of
the Ganges and other troughs brings forward may controversial
points on which opinions considerably differ, but certain 
facts stand out which may briefly be stated as follows:
1. The Ganges Structural Trough is an east-west trend­
ing downwarp with a length of 1,500 miles and an average 
width of 200 miles running parallel to the Himalayas.
2. The maximum depth of alluvium in the Ganges Trough 
is considered to be 15,000 - 20,000 feet by most writers
on the basis of geodetic as well as geological calculations, 
but Glennie is of opinion that it does not exceed 6,500 feet.
3. The underground form of the trough shows a steep
downward slope southward from the margin of the northern
hills and then a uniform upward slope upto the southern 
margin of Peninsular India.
i+. The trough is bounded on the north by reverse 
faults and may be looked upon as a faulted geosyncline.
5. The trough has undergone continued subsidence since 
Pliocene time but there is considerable disagreement among 
geologists regarding the causes of subsidence.
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6. That the accumulating load of sediments has played 
a definite part in the subsidence of the trough, though it 
is not the cause of its origin, has been accepted by many 
geologists including Oldham.
7. Two smaller structural troughs exist at the two 
ends of the Ganges structural trough and at right angles to 
its direction.
COMPARISON OF GEOSYCLINES IN THE GANGES AND MISSISSIPPI
VALLEYS
The two major structural features of the Ganges Valley
discussed above namely the Ganges and the Bengal-Assam
troughs may be compared with similar downwarps in the
Mississippi Valley. The axis of the Ganges Structural
Trough runs roughly parallel to the river while the axis
of the Bengal-Assam Trough is at right angles to it. In
the Mississippi Valley a similar situation prevails with
regard to the alignment of the two down-warps in the area.
Mississippi Structural Trough: The Mississippi Structural
21Trough is a well defined feature running roughly parallel 
to the river in a north-south direction. In the northern 
part of the central Gulf Coastal Plain the axis of the
21Fisk* Harold N., Geological Investigation of the 
Alluvial Valley of the Lower Mississippi River (Vicksburg: 
Mississippi River Commission, 19h4)* P« 64*
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trough coincides with the Mississippi embayment, but in the 
south it is in line with the secondary down-warping associ­
ated with the northward projecting limb of the Gulf Coast 
Geosyncline. The Mississippi Structural Trough appears 
relatively insignificant in comparison with the Gulf Coast 
Geosyncline, which involves an enormous deformation of the 
earth crust. 11 It has, nevertheless, played a most important
part in shaping the history of the area in which the alluvial
22valley developed •*' The axis of down-warping, as indicated 
by westward thinning of belted succession of beds, is known 
to have shifted westward. The underground form of the 
trough is asymmetrical, with a comparatively steeper slope 
on the west than on the east. The floor of the trough is 
formed by the Paleozoic rocks, which have a gulf-ward dip 
as the result of greater deposition of sediments in the 
south, where the maximum depth is more than 5»000 feet. The 
floor of the structural trough has also been considerably 
deformed toward the axis of the down-warping.
The Mississippi Structural Trough was initiated in the 
beginning of the Upper Cretaceous time, as indicated by the 
study of the distribution of sub-surface sediments. The 
straight outline of the western margin of the valley suggests 
that the trough may have originated as the result of
^Ibid., p. 6if.
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down-faulting, further subsidence being subsequent to the 
deposition of sediments. The Mississippi Structural 
Trough, as briefly described above, very closely resembles 
the Ganges Trough. The points of comparison may be noted 
as follows:
1. The axes of both, the Ganges and the Mississippi 
Structural Troughs, run roughly parallel to the direction 
of flow of the rivers.
2. In both cases the axes of down-warping have 
shifted in a direction at right angles to the axes, to 
the south in the Ganges Valley and to the west in the 
Mississippi Valley.
3* The underground forms of the troughs are asymmet­
rical in both cases. The northern margin of the Ganges 
Trough, like the western margin of the Mississippi Trough 
slopes more steeply, while the southern slope of the former, 
like the eastern slope of the latter, is gentler.
if. The Mississippi Structural Trough originated in 
Upper Cretaceous times, while the disruption of the old 
Gondwana continent coupled with upheavals in the north is 
supposed to have initiated the development of the Ganges 
Trough.
5* The slope of the floor of the Ganges Structural 
Trough is still undetermined, though in the case of the
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Mississippi Structural Trough it is known to be gulfward.
The enormous amount of sediments deposited by the Ganges 
and the Brahmaputra, each of which carries to the delta 
as much or more load than the Mississippi, must have sub­
stantially effected the slope of the floor.
6. According to the older calculations, the maximum 
depth of the Ganges Trough was found to be about 15,000 to 
20,000 feet, but Glennie's calculations (accepted by Wadia)2*̂ 
based on new gravity anomalies give a value of 6,500 feet, 
which compares very well with 5*000 feet of maximum depth 
in the Mississippi area.
Gulf Coast Geosyncline: The Gulf Coast Geosyncline^ is a
more significant structural feature than the Mississippi
23Wadia, D. N., Geology of India (London: Macmillan 
and Co., Limited, 1949“)» p. 285*
^Donald C. Barton, C. H. Ritz, and Maude Hickey,
"Gulf Coast Geosyncline," Bui. Am. Assoc. Pet. Geol.. XVII 
(1933), 1446-1458).
R. J. Russell, "Gulf Coast Geosyncline: America's 
Great Petroleum Reserve, Geomorphogeny," Report. Seventeenth 
International Geological Congress. Moscow 1937. p. 255-57,
Fisk, op. cit•, p. 64-65*
R. J. Russell and R. D. Russell, "Mississippi River 
Delta Sedimentation," Recent Marine Sediments, Am. Assoc.
Pet. Geol. (1939), 154-155*
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Structural Trough. It occurs parallel to the coast nearly 
at right angles to the trough. The greatest depth occurs 
in the vicinity of New Orleans, where the base of the 
Tertiary is estimated to be 30,000 to lf0,000 feet below the 
surface. The stratigraphic thickness of formation indicate 
that the depth of basement is 25,000 feet near Houston and 
more than 20,000 feet at Jennings, Louisiana. Considerable 
knowledge has been gained as the result of deep borings in 
the Gulf Coast area on the basis of which fairly accurate 
information concerning the size and shape of the geosyncline 
has been obtained. Many oil wells in coastal Louisiana, 
however, do not penetrate beyond Upper or Middle Miocene at 
a depth of from 10,000 to over 16,000 feet. Throughout 
Cenozoic times the axis of the geosyncline has been shifting 
southward.
The Bengal-Assam Structural Trough is comparable to 
Gulf Coast Geosyncline in respect of its position in relation 
to the axis of the Ganges Trough. Lack of information re­
garding the stratigraphic thickness of formations in the 
Ganges-Brahmaputra Delta makes a comparison of details 
impossible.
The Causes of Subsidence: A common feature of the Indian
and the American geosynclines, about which there is no 
difference of opinion, is their subsidence. But there is 
considerable argument regarding the cause of subsidence.
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Does the subsidence occur because of the pressure of the 
sediments or do they simply accumulate in depressions 
caused by other forces?
Fundamental to the discussion is the question of the 
strength of the earth*s crust. According to one view, 
widely held by the older generation of geologists both in 
India and United States, the earth*s crust is strong enough 
to resist deformation by the pressure of the sediments. 
Another view, based on actual observations and field re­
search, is that the crust yields under the load of ice 
masses or accumulations of sedimentary material.
In a discussion on the views of many geologists regard-
25ing the formation of a geosyncline, Russell has con­
clusively shown that in accepting the subsidence-under-load 
position »»the prestige of great names" is weighted against 
*'substantial argument.**
It is interesting to note that like Dana, who, after 
almost accepting the idea that load causes subsidence, re­
turned to his original position that compression due to 
cooling and shrinkage of the earth causes subsidence, Oldham 
also accepted the view that some kind of relationship exists
^Russell, R. J., Lower Mississippi River Delta (New 
Orleans: Dept. Conserv. La. Geol. Surv., 19357, p. 160-95.
^Ibid., p. 163.
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between the subsidence of the Ganges Trough and the de­
position of the sediments by the Himalayan streams# Oldham* s 
calculations, showing that subsidence has been five times 
greater than it would have been without the sediments, con­
vincingly prove that the loading of the trough was at least 
the greatest factor, if not the only one, in causing sub­
sidence. But after going so far, Oldham, like Dana, rejects 
the thesis that geosynclines can be caused by subsidence of 
sediments, but unlike Dana does not accept Burrard1s 
explanation which postulates a shrinking and cooling earth 
to account for the formation of mountains and troughs.
The old view that geosynclines are "formed by diastrophic
forces only and that the earth*s crust has such strength that
sediments by their own weight, can effect little subsidence
27except by compaction11 looks very impressive indeed with a 
great deal of involved theoretical calculations in its 
support, but it does not stand the simple test of facts as 
observed in the field.
27L. W. Storm, "Resume of Facts and Opinions on Sedimen­
tation in Gulf Coast Region of Texas and Louisiana," Bui. Am. 
Assoc. Pet. Geol., 29 (I9h5)> 1325*
CHAPTER III 
PLEISTOCENE TERRACES OF THE GANGES VALLEY
At the close of the Siwalik epoch, which in India 
coincides with the lower Pleistocene, the sub-continent as 
a whole had acquired its present form and major topographic 
f e a t u r e s B e t w e e n  the Himalayas and Peninsular India the 
great east-west through was already filled by fluvial sedi­
ments* The Siwalik-Indobrahm drainage system was mainly 
responsible for filling the depression. The greater part 
of the surface deposits of the upper and middle Ganges 
Valley are classified as Pleistocene deposits in Indian 
geological literature. The Recent occupies the flood 
plains of the main stream and its numerous tributaries. In 
the lower valley of the Ganges, however, the Recent is more 
widespread and there are a few upland areas which are re­
ferred to as the "old alluvium*' to differentiate them from 
the new alluvium of the Recent*
The most significant event in the hydrographical 
history of the Ganges Valley during the Pleistocene was 
the disruption of the Siwalik-Indobrahm river system into 
two major independent systems* The present Ganges-Brahmapu- 
tra system was diverted into the Bay of Bengal instead of
^Wadia, D* N., Geology of India (Second edition;
London: Macmillan and Co*, 194*9), p* 2B2*
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emptying into the Arabian Sea* The causes which led to 
this great change have been discussed in the previous 
chapter* According to De Terra*s correlation the close of 
the Siwalik period, when the Bengal rivers increased their 
cutting power to such an extent that they were able to 
erode back and capture the upper course of the Indobrahm, 
coincides with the second glacial advance and world-wide 
lowering of the sea level* In view of this evidence, the 
steeper gradient and increased erosive capacity of the 
Bengal rivers can probably be more easily explained, than 
through diastrophic movements up-valley or in the Bay area* 
The study of the Quaternary geology in India is still 
in its infancy* A great deal of work has yet to be done 
to fill this important gap in the geological records of 
the world•
Before examining the existing literature on the Pleis­
tocene in India and describing the associated physiographic 
features in the Ganges Valley, it is pertinent to peruse 
the results of some important research on the Pleistocene 
in Europe and the United States*
BASIC CONCEPTS 
The Pleistocene epoch of the geological history of the 
earth has witnessed considerable physical and biological 
changes on the earth*s surface* Similar events have also 
occurred in the more remote geological past but their record
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has been completely or partially obliterated by later 
changes* The Pleistocene epoch has great interest equally 
for the geologist, biologist and the anthropologist* The 
records of this latest period of geological history are 
more fully preserved and as a result are more thoroughly 
investigated* A more thorough understanding of the changes 
during the Pleistocene period is a key to the better com­
prehension of past periods of glaciation about which our 
knowledge is fragmentary and incomplete*
During a little more than a century a rich store of 
information has already been accumulated by the workers in 
this field. There is, however, still great room for further 
research to have a more complete picture*
The Pleistocene epoch, named by Lyell in 1639, is 
marked by great refrigeration of climate, culminating in 
several glacial stages* The works of Agassis, Dana, Darwin, 
Daly, etc* have shown without doubt that glacial conditions
in the northern hemisphere existed as far south as 39° N.
2latitude* Considerable parts of the countries in temperate 
latitudes were covered under the ice sheets advancing from 
the north or radiating from the mountains* The effect of 
glaciation, however, was world wide* The ice sheet of 
Antarctica was thicker and larger, and glaciers existed in 
South America, New Zealand and Tasmania* During the
gIbid.. p* 276.
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m A -g-tm um  advance of the Ice and area of seven million square 
miles in the northern hemisphere and about five million 
square miles in the southern, was occupied by the ice 
sheets.^
The Pleistocene connotes glaciation in most minds and 
rightly so because growth of continental ice sheets was 
the most distinctive characteristic of the epoch, and is the 
basis of its separation from the preceding Tertiary. But 
it is interesting to note that during the maximum ice ad-
Aj.vance only about one-third (3Z%) of the present land area 
was covered by ice. Also, the interglacial stages were 
much longer in duration than the glacial.
The Pleistocene ice age witnessed four or five major 
glacial advances - called the glacial stages - each one of 
which was followed by a period of ice retreat comparatively 
longer in duration - called the interglacial stages. During 
some of the interglacial stages little or no ice existed on 
the lands and world climate returned close to its normal 
condition. That we are still experiencing an ice age is 
evident from the fact that 10£ of the total land area is
^Richard J. Russell, "Climatic change through the ages," 
Climate and Man, Yearbook of Agriculture (19hl)> 60.
^Flint, Richard Foster, Glacial Geology and the 
Pleistocene Epoch (New Yorks John Wiley and Sons, Inc.
19W), p. 451.
covered by large ice sheets in Greenland and Antarctica
5and valley glaciers in the high mountains*
Changes in the level of land and seat Modern investi­
gations have conclusively shown that two distinct kinds of 
level changes are caused by waxing and waning of glaciers: 
downward and upward movement of land as the result of 
loading and unloading of ice in the glaciated areas and 
downward and upward movement of sea level as the result of 
extraction and addition of water from and to the sea* The 
first of these changes, the crustal warping, was confined 
to the areas directly subjected to glaciation* The extra 
load of ice was responsible for the downwarping of the
land, while deglaciation resulted in upwarping or emergence
6of land in relation to sea level* The second kind of 
change in level is world wide and effects the non-glaciated 
as well as the glaciated areas* It consists of the fall 
and rise of sea level all over the world* The building of 
large glaciers and ice sheets takes place as the result of 
the precipitation of the atmospheric moisture in the form 
of snow* Under normal conditions the extraction of water 
from the sea through evaporation of moisture is balanced by 
the constant addition of it by rivers and streams* But 
during the glacial stages the proportion of snowfall to
5Ibid,. p. 451*
6r * A* Daly, "Pleistocene changes of level,** Amer* 
Jour. S6ie, V (1925), 262.
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rainfall increased and less water was returned to the sea 
by rivers than evaporated* The locking of sea water in the 
glaciated areas in the form of snow lowered the level of 
the sea while the shrinking of glaciers returned the water 
to the sea, causing a general rise of sea level throughout 
the world*
The quantitative estimates concerning the lowering of
sea level during the glacial stages vary from less than a
7millimeter (£• Benoit) to 3000 feet (W* Upham), but a 
number of investigators including Daly, Dubois, ibitevs and 
others closely agreed in their estimates of the order of 
magnitude for the mean vertical eustatic displacement of
g
the strand line, due to maximum glaciation* These authors 
suggested a lowering of sea level of about 300 feet during 
the maximum glaciation, reaching their conclusions on 
entirely different and unrelated data* Russell felt justi­
fied in believing that "these lines of evidence - - - con-
9firm each other*"
Correlation of European and North American glacial and 
interglacial stages: As already mentioned, the waxing and
7Ibid.. p. 285•
&Ibid.. p. 312.
9R* J* Russell, "Quaternary History of Louisiana,"
Bui* Geol* Soc* Amer*, LI (1940), 1219*
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waning of glaciers took place at least four times each both
in Europe and North America, so that there were four glacial
10stages separated by interglacial stages* Daly has sepa­
rated these glacial stages into two sets with an intervening 
interglacial stage of a very long duration when the earth 
was, perhaps, entirely ice free* Different lines of evi­
dence accumulated during the recent years tend to prove that 
these changes were simultaneous in the two continents*
As Daly’*''1' has shown, the four Alpine glacial stages, 
namely Gunz, Mindel, Riss, and Wurm, can be correlated with 
the Nebraskan, Kansas, Illinoian, and Wisconsin glacial 
stages of North America* The Iowan glaciation considered, 
as a separate glacial stage between the Illinoian and
Wisconsin in the central part of North America "may have
12been merely a phase of the Wisconsin*"
Effect of Pleistocene level changes on streams: In
the present study we are primarily concerned with the effect 
of swinging sea levels during the glacial and interglacial 
stages of the Pleistocene on the behavior of the streams in
10R. A* Daly, "Swinging Sealevel of the Ice Age," Bui* 
Geol. Soc. Amer*, XL (1929), 724*
^Daly, R* A., The Changing World of the Ice Age (New 
Havent Yale University Press; Londont H* Milford, Oxford 
University Press, 1934), p* 23*
12Ibid*. p. 23*
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general, and with the response of the Ganges and the 
Mississippi rivers to these fluctuations in particular* We 
are also interested in the land forms which have been pro­
duced as the result of these changes* The fact that the 
lower valleys of the two rivers are outside the areas 
covered by the Pleistocene ice sheets is of considerable 
significance* Recent studies by Fisk, Russell, and others 
in Louisiana have established the idea that many of the 
major details of Pleistocene history are more clearly 
recorded in regions not glaciated at any time than those 
which have been deglaciated*
During a glacial stage evaporation of water from the 
sea and its imprisonment on land in the form of ice involved 
a lowering of sea level to the extend of from 300-400 feet 
below the present level of the sea* As the result of this 
universal change in sea level the rivers were drastically 
effected in the same manner in which the seaward tilting of 
their basins would effect them—  they became entrenched 
toward the lower base level and their gradients steepened*
The increased gradient of rivers accelerated their flow 
and vertical cutting of their channels* With the melting of 
glaciers and consequent rise in sea level the gradient of 
rivers decreased and their valleys became alluviated* The 
surfaces of such sedimentary fluviatile deposits, associated 
with rising sea level, are called flood plains* With each
fall and rise In sea level the same processes of channel
cutting and floodplain building were repeated* What we
find today is a universal record of four major terrace
surfaces along the rivers entering the sea* The Recent
flood plains and deltas which constitute the fifth level,
Russell concludes* favor the recognition of five glacial
13stages separated by four interglacial stages* Pleistocene 
river terraces formed in the manner described above have 
been recognized and studied around the Mediterranean Sea* 
along the Atlantic Coast in Europe and Africa* around the 
Black Sea* and along the Gulf Coast of the United States*^
PLEISTOCENE TERRACES IN THE GULF COAST AREA
As the result of intensive geological investigations a 
considerable amount of literature has accumulated concerning 
the alluvial sediments of the Gulf Coast* They have been 
given different formational names and have been assigned to 
geological ages ranging from the Cretaceous to the Recent* 
Many geologists including Hilgard* Deussen, Barton* Doering* 
Howe* and others made significant contributions to the
13̂Russell* Climatic change through the ages* p* S3*
lifIbid.. p* S3*
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15understanding of Pleistocene terraces* but the confusion 
of terminology appears to have ended with the general 
acceptance of Fisk's formational names for the four ter­
races which he recognized in central Louisiana*
The terraces formed by sedimentary deposition during 
the four major rises of sea level in Pleistocene times are 
known (from the oldest to the youngest) as the Williana, 
Bentley, Montgomery* and Prairie in Louisiana* The fifth
general rise in the sea level* which corresponds to the 
lbRecent* is the cause of the present deposition going on 
in the flood plain and the deltaic area* The same number 
of major surfaces are recognized in Europe where they are 
known as Silicienne (oldest)* Milazzienne, Tyrrhenienne, 
Monastrienne and Flandrienne (Recent)* Russell has identi­
fied four surfaces along many European rivers such as the
17Rhine* Rhone* Meuse and others*
The Prairie Terrace; The Prairie terrace differs 
from other terraces in many respects and can be very easily 
recognized* It is the lowest of all Pleistocene surfaces 
and stands next above the Recent flood plains* Also it is 
commonly much wider in extent than any older terraces*
^ H o l l a n d *  Wilbur C** Geology of Beauregard and Allen 
Parishes (Baton Rouge: Dept* of Conserv* Louisiana Geo­
logical Survey, Bui* No* 27* 1952)* p* 15-19*
lbRussell, Quaternary History of Louisiana* p* 1201* 
17lbid. .  p *  1213*
63
Being the youngest in age it has been subjected to the least 
erosion and many of its large flat surfaces are well pre­
served. The slope of the terrace differs from place to 
place but toward the Gulf Coast it is gentler than the 
slope of older terraces* In central Louisiana it has about
the southward slope of the present flood plains which is
id0.4 feet per mile. At Baton Rouge the Prairie slopes at
one foot per mile while at Covington it is 5*0 feet per 
19mile. The elevation of Prairie terrace above the flood 
plain also varies considerably. It is 165 feet high in
20Beauregard Parish along the Bundick Creek north of DeRidder,
while it merges with the flood plain along the Little River
21tributaries in central Louisiana. The depth of the 
Prairie formation exceeds that of the flood plain alluvium 
because it was deposited in river valleys more deeply cut 
than those in which the present floodplain material has been 
deposited.
The Montgomery Terrace: The Montgomery surface stands
at a level higher than the Prairie and is ordinarily much
■^Fisk, Harold N* , Geology of Grant and LaSalle 
Parishes (New Orleans: Dept. Conserv. Louisiana Geological 
Survey, Bui. No. 10, 1936), p. 52.
^R. J. Russell, Lectures, Geography 121, spring 1954*
20Holland, 0£. cit., p. 45*
^Fiak, ojo. cit., p. 52.
narrower in width* At many places in central Louisiana
the Montgomery terrace has been completely removed by post*
Montgomery erosion* At other places, however, much of the
22initial flatness is still preserved* A large area of the
23Montgomery terrace is reported by Holland on either side
of the Calcasieu River and other streams in Beauregard and
Allen Parishes of Louisiana* The slope of Montgomery sur-
24face is about 1*25 feet per mile in central Louisiana,
3*0 feet per mile along larger rivers and much steeper along
25smaller streams in southwest Louisiana and about 15*0 feet
26per mile north of Covington* The Montgomery surface has 
better developed erosional dendritic drainage patterns than 
the Prairie* The depth of the Montgomery material is esti­
mated to be less than that of the Prairie*
The Bentley Terrace: The Bentley is ordinarily con­
siderably dissected and presents a rolling topography* In
22Ibid*. p. 57.
23qp. cit* * p* 3&*
2ifFisk, op* cit*, p* 57#
2-*Holland, op* cit*. p* 39•
R. J* Russell, lectures, Geography 121, spring 195*t-*
some localities, however, it retains a flat surface, but it 
is doubtful that it retains details of its original surface* 
The slope of the Bentley terrace both in central and south­
western Louisiana is about 5*0 feet per mile, but north of 
Covington, like all other surfaces, it slopes more steeply, 
at 25*0 feet per mile. The generally southward sloping 
Bentley has a relatively slight eastward component to the 
direction of regional slope in Beauregard and Allen parishes 
due to the fact that some of the recent deltas which were
located in the southeast have slightly tilted the terrace
27in that direction* ' The known thickness of the material 
is about 70 feet, but having been subjected to considerable 
erosion, there seems no doubt, that the formation was 
originally thicker than that* Being older than the two 
terraces described, the Bentley had longer duration of time 
to develop a better drainage system and a fully integrated 
stream pattern which, in fact, is responsible for pre­
dominance of slope over flat areas within its area of out­
crop.
The Williana Terracet The Williana of the Gulf Coast 
represent the oldest Pleistocene depositional surface* It 
has been subjected to much erosion and is thoroughly dis­
sected terrace* Parts of the Williana appear as a series
^Holland, o£* cit.. p* 33-3k*
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of rounded hills rather than flat surfaces* Under such 
conditions it is extremely difficult to determine exactly
the original height and slope of the terrace. According
26to Fisk’s “reconstruction of the surface profile from
better established points“ in central Louisiana it slopes
southward at the rate of from 8.0 to 10.0 feet per mile.
Its slope north of Covington, being 35.0 feet per mile, is
in accordance with the general steepness of slope for all
terraces which is mainly due to gulfward tilting of the
Florida Parishes as a result of sedimentary accumulation
southward, and compensatory uplift northward. The deposits
of the Williana terrace resemble deltaic materials which
accumulated under non-marine conditions in the flood plains
29of pre-Williana rivers.
The Pleistocene Stratigraphy: Fisk’s correlation of
the four depositional terraces of Louisiana with high stands
of the strand line during the Pleistocene offers “the key
30for the understanding of pre-Recent s t r a t i g r a p h y . E a c h  
of these terraces is a separate stratigraphic unit deposited 
unconformably on an older formation. Each terrace formation
*^0p. cit., p. 62.
29Ibid.. p. 62.
3°Ru8sell, Quaternary History of Louisiana, p. 1213.
lies beneath the next younger one* Prom the base up each
can be divided into a coarse phase consisting of gravels
and sand* a central sandy phase* and an upper phase con-
31sisting of silty clay with local lenses of sand* The
characteristic basal gravels of the four Louisiana terraces
have been traced down-dip under the Recent floodplain and
32delta deposits by Frink* Based on Fisk's studies*
33Russell reached the important generalization that the
basal gravels of each terrace dip in the direction of
deltaic loading at the time of its formation* while the
surface dip of the terrace is in the direction of later
deposition* The top of the Pleistocene is characterized
by a yellowish or red colored oxidized layer which can be
easily distinguished from the black or dark-bluish and
3Ureduced Recent material which overlies it*
31Fisk* ig£* cit.* p* llf9-72.
32Frink, J. W** Subsurface Pleistocene of Louisiana 
(New Orleanst Dept* Conserv* Louisiana Geological Survey* 
Bui. No. 19, 1 9 W ,  P* 36if-UO.
33"^Quaternary History of Louisiana* p. 1210.
3,|r . j . Russell* "The Piocene-Pleistocene Boundary in 
Louisiana*" International Geological Congress. Report of 
the Eighteenth Session. Great Britain. Part IX (l9J|&),
ee
Mechanics of Terrace Formation: Fluctuation in the
sea level and regional tilting are the two most important 
factors to which the terraces of the Gulf Coast area owe 
their origin. It has been shown by Fisk and Russell that 
cyclic alternations of the periods of large scale active 
sedimentary deposition and periods of active vertical and 
lateral erosion can only be explained with reference to the 
Pleistocene fluctuations of sea level. Each lowering of 
the strand line, corresponding with a glacial waxing, marked 
a period of active erosion and valley cutting; the width of 
the valley depending on the duration of the low stand of 
the sea level. The rising sea level, beginning with the 
melting of ice on the land, forced the streams to deposit 
their coarse load of gravel and sand which they could carry 
only under increased gradient of low sea level period. The 
entire duration of each period of alluviation was charac­
terized by continuous deposition of sedimentary materials 
from the coarsest at the base to the finest above.
The regional tilting, without which the differentia­
tion of one surface from the other would have been im­
possible, is a very significant factor toward the understand­
ing of the mechanics of the terrace formation. The work on
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35the Mississippi River Delta by Howe, Russell, and others 
clearly proves that subsidence is an active force in the 
Gulf Coast area. The absence of areal growth of the delta 
during the last century, in spite of a daily deposit of 
about two million tons of sediments by the Mississippi, can 
be explained only in terms of the downward accummulation of 
river deposits.
Frink*s work^ has demonstrated considerable thickness 
of the Pleistocene Mississippi River deltas, the deposits 
extending much below the level of the Gulf at the time of 
their deposition. Such a phenomenon can be explained only 
by subsidence-under-load theory. The nearby uparching in 
the Florida Parishes is a related event which is necessary 
to maintain isostatlc equilibrium. The increasing dip of 
terraces from younger to older in the zone of the uparched
35Howe, H. V., Russell, R. J«, McGuirt, J. H. and 
others, Report on the Geology of Cameron and Vermilion 
Parishes (New Orleans: Dept. Conserv. Louisiana Geological
Survey, Bui. No. 6, 1935)* p. 51-66.
Russell, R. J., Lower Mississippi River Delta (New 
Orleans: Dept. Conserv. Louisiana Geological Survey, Bui.
No. 6, 1936), p. 162-74.
_______ , and Russell, R. D., ^Mississippi River
Delta Sedimentation,** Recent Marina Sediments. Am. Assoc. 
Pet. Geol. (1939), p. 153-177.
36“̂ Frink, op. cit., p. 404-407.
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geosynclinal margin and their flatness farther north, where 
uplift is epeirogenic can be easily understood in terms of 
isostasy*
STUDY OF THE QUATERNARY IN INDIA
The study of the Quaternary geology in the non-glaciated 
areas in Europe and America is of utmost significance to a 
student of Indian Quaternary history in the Ganges Valley 
area* The general, conclusions, regarding the Pleistocene 
fluctuations of sea level and their correlation with the 
depositional surfaces, more intensively studied in the Gulf 
Coast area of the United States and supported by numerous 
evidence from many other areas throughout the world, can be 
profitably applied in the Ganges Valley area* While it is 
true that some very useful works have been published on the 
deltaic formation in Bengal, the study of the Quaternary is 
almost wholly confined to the research on the Recent alluvial 
deposits and the changes in the stream courses* The Pleis­
tocene is the least investigated period of Indian geology* 
Recently a few papers on the Pleistocene terraces have 
appeared in the Indian Geographical Journal of Madras and 
the Bulletin of the National Geographical Society of India, 
but none of the writers seem to be aware of the significance 
of the work done on similar problems in the Mississippi Valley 
area in general, and in Louisiana in particular*
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H ellmiit DeTerra and his associatea are pioneers in 
the atudy of terraces in India and are largely responsible 
for directing attention to this heretofore neglected field# 
DeTerra failed to give due attention to a study of the 
Pleistocene in the Ganges Basin. However, such a study 
could have been extremely profitable from the point of 
view of studying ancient cultures which apparently was one 
of his main purposes in working in India. His terrace 
studies were mainly confined to Kashmir, the Punjab,
Tibet, Madras, and Burma.
DeTerra realizes, as any student of Indian geology
would, that unlike Europe it is not possible in India "to
draw a clear boundary between Pliocene and Pleistocene
because of the apparent overlap of certain paleontological 
37data.1* The upper division of the Siwalik series are 
considered by Pilgrim^ and others to be of late Pliocene 
to early Pleistocene on the basis of the rich fossil
^Hellmut DeTerra, **The Quaternary terrace system of 
Southern Asia and the age of man,*' The Geographical Review. 
XXIX (1939), 105*
•^Guy E. Pilgrim, "Preliminary note on a revised 
classification of the Tertiary fresh water deposits of 
India," Records. Geological Survey of India. XL (1910),
165-205•
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39fauna of these Himalayan foothills, while Matthew is in 
favor of early Pleistocene age* DeTerra believes that 
this difficulty has been removed after his observations 
during the field studies in 1935* He dates the terraces 
in Kashmir area by correlating the Boulder Conglomerate 
of the Upper Siwalik stage with the ground moraine material 
of the second Himalayan glaciation into which they are 
found to merge*
DeTerra**0 recognizes five terraces in Kashmir and the 
Punjab* He found that the highest terrace on the Indus in 
the Punjab was 310 feet above stream level while on the 
Soan it was 265 feet* He calls the Indus terraces aggrada- 
tional and the others erosional* No attempt is made to see 
any relationship between the swinging of sea level and 
terrace formation on the Indus and other streams* He 
believes these terraces were built "after the second 
glaciation,M that is, during the period when sea level was 
rising throughout the world* Higher velocities of the rivers 
permitted reworking of the fan gravels at the foot of the
39^7W. D* Matthew, "Critical observation upon Siwalik 
Mammals," Bui. Amer. Museum of Nat* Hist*. LVX (1926 - 29). 
437-560.
40
D eT erra , c i t . . p .  1 0 1 -1 6 *
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hills* This was because of the general uplift in the hill 
section up north*
DeTerra*s studies along the Irrawaddy in Burma, which 
is situated in the same general area as the lower valley 
of the Ganges, deserve greater attention* He observed 
five terraces on the left bank of the Irrawaddy from 
Mandalay to Yenang Yaung, the lowest one apparently being 
the flood plain* The highest terrace is built of bouldery 
gravel of red color and is 350 feet above the level of the 
stream* The next lower terrace is about 90 feet high 
which also contains red gravels* "Of special significance
here is the association of "red-earth," a clayey, weather-
41 ‘ing product containing iron-stained concretions*" The 
red-earth is also found at the top of the hills, from 
whence it is pulled down to the second terrace by gravity 
or rain* As the rainfall in this area is scanty and there 
is a long dry season, no laterites are being formed at 
present* The presence of lateritic red clayey material 
suggests pluvial conditions during the time of their forma­
tion* The gravels of the third terrace are not exposed at 
the surface* This terrace is "of very wide extend" and 
dips under the fourth terrace* He says nothing about the 
fourth terrace* The fifth is composed of silt and clay,
^Ibid.. p* 111.
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and in parts is of considerable thickness* Regarding the 
question of how these terraces were formed, DeTerra has 
not much to offer* He is apparently thinking in terms of 
higher rainfall to explain the velocity of the river which 
carried the gravels and boulders of the first three ter­
races* He seems to believe that the rivers deposited the 
gravelly material at a time when they were able to carry 
it because the region was receiving higher rainfall*
Quaternary Terminology of the Upper Ganges Valley
DeTerra*s observations in Burma, Kashmir, the Punjab, 
and other places, always leading to the recognition of five 
levels, is significant, though there may be some reason 
for argument as far as his explanation of their formation 
ia concerned* Both in the Upper and Lower Ganges Valley, 
the Pleistocene deposits are known to exist -but, as already 
mentioned, no work has been done in this area and detailed 
knowledge of possible Pleistocene terraces and recognition 
of levels still awaits intensive investigation* A short 
account of what is known about the Pleistocene deposits of 
the Upper Ganges Valley is given here to be followed by a 
description of the **old alluvium** of the Lower Valley and a 
possible explanation of its formation*
Throughout its upper course in the plains of Uttar 
Pradesh and Bihar the Ganges is relatively fixed, in the
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sense that it has not shifted its channel materially* The 
lover valley and the delta, however, are characterized by 
many changes in the course of the main river as well as 
its tributaries and distributaries* The surface material 
forming the upper part of the plain is generally regarded 
as Tertiary in age, but the weight of evidence is in favor 
of Pleistocene* Some have maintained that these deposits 
are marine or esturine, but no trace of marine organisms 
have been found* Others are of opinion that they are 
fluviatile, deposited under conditions similar to what we 
find in Bengal today* From some of the wells, about 100 
feet deep, sunk south of Aligarh, the general cross section 
of the Ganges-Jamna Doab is constructed as follows: Loam
35 fee.t, blue silt 30 feet, strong clay 20 feet resting on 
reddish sand containing water* The clay bed slopes about 
2if*0 inches per mile while the surface slope is 16*0
I Oinches* The folk terminology, widely used in the Upper 
Valley, which makes a distinction between the floodplain 
deposits and the tracts above flood level, has found its 
way in geological literature. The terms khadar, bhangar, 
bhabar, and terai are used to designate different kinds of 
geological deposits* They may be discussed as follows:
hZH. B* Medlicott, "Sketch of the Geology of the 
Northwest Provinces," Records. Geol. Surv. India, VI 
(1673), 11*
Khadar and Bhangar: The khadar lands are the flood
plains of the streams which are of varying width and 
usually bounded by very steep high banks* The khadar lands 
are liable to inundation during the flood in the rainy 
season* The low-water channel of the rivers oscillates 
within the khadar, which is alternately subjected to the 
processes of aggradation and degradation* No quantitative 
estimates are available to answer the oft-discussed question 
whether the balance of the constructive and destructive 
processes is in favor of raising or deepening the present 
flood plain* The slope of 19*0 and 13*0 inches per mile of 
the Ganges at Kanpur and Allahabad respectively, as com­
pared to 6*0 inches per mile below Patna and about 3*0 in
the delta, has been considered as too steep for origin
W3through large scale deposition* The bhangar is the high 
land adjoining the khadars of the main streams, and is of 
Pleistocene age* It always remains above the level of the 
highest flood, and at places is considerably dissected*
It is low terrace*
Bhabar and Teral: The bhabar is a broad belt of
alluvial cone deposits which occurs along the northern 
margin of the plain below the Siwalik Hills* Geologically
k3James Fergusson, w0n Recent Changes in the Delta of 
the Ganges," Quart. Jour* Geol. Soc* London. XIX (1663), 
35k*
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it is the Recent material overlying the bhangar (Pleis­
tocene) deposited by the numerous mountain streams of the 
broad, shallow, ever-shifting beds as they enter the plain 
fully charged with the Siwalik gravels, sand and silt* 
Streams, even of considerable volume completely disappear 
into the porous bhabar land which is always devoid of water 
at the surface except during the rains* The entire bhabar 
belt is thickly forested* The lower fringe of the bhabar 
deposits, where the streams reappear at the surface, is 
called terai* It is a swampy zone in spite of a slope 
much steeper than the general slope of the plain* The 
terai is characteristically developed in the eastern dis­
tricts of Uttar Pradesh and Bihar* At the base of the 
Sikkim Himalaya there are some old deposits, very similar 
to the bhabar, "which become frequent and of increasing 
elevation till •••• they stand at 1,000 feet over the 
actual torrents*
The "Old Alluvium" of the Lower Ganges Valley
In the lower valley of the Ganges River, besides the 
fan like deposits of the north at the base of the hills and 
somewhat similar features west of the Bhagirathi-Hoogly
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River, there are three conspicuous upland tracts; two of 
these, being of considerable extent, immediately attract 
attention. The deep yellowish to red colored soil of these 
tracts presents a striking contrast to the widely dis­
tributed grey colored material of the broad flood plains of 
the streams. If the Indian geologists had paid more 
attention to this area the "Pleistocene" and the "Recent" 
would have been more generally used for these less ex­
pressive and non-scientific terms. In the upper valley of 
the Ganges, as has been stated, the terms bhanagar and 
khadar are already in use and can be extended to designate 
the two kinds of alluvium in Bengal.
The Madhupur Jungle: This is a large triangular tract
situated east of the Jamuna (Brahmaputra). It has a
greater north-south than east-west extent, the maximum
width being in the middle of the area. The Jungle stretches
from Jamalpur town in the district of Mymensingh down to
the city of Dacca. The north-south extent of this tract is
h5about 70 miles while the maximum width is about 35 miles.
The processes of weathering and denudation being considerably 
active in this humid tropical region, the whole tract is 
highly dissected and consists of rounded hills separated by
‘♦’•"Fergusson, oj>. cit., p* 329*
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little valleys of local creeks or nullahs* The western 
boundary of the Madhupur Jungle, along which flows the 
Jamuna (Brahmaputra), is well defined and rises sharply 
above the flood plain* The maximum elevation of the hills, 
which is about 100 feet above the surrounding valleys, 
occurs along the western margin* The elevation of the 
hills decreases to about 60 to 40 feet in the middle of 
the Jungle while further east these deposits dip under the
Recent alluvium of the Old Brahmaputra, beyond which there
Lf%is a large subsidence area known as Sylhet Jheels. No 
flat surfaces exist in the vicinity. The depth of the base 
of the formation beneath the Madhupur Jungle is unknown, 
but it is evident that the present surface does not repre­
sent the original elevation* Considerable material has 
been removed by erosion* The surface material consist of 
stiff, red clay containing nodules of limestone known as 
kankar. The presence of the kankars testify to the an­
tiquity of these deposits as they owe their "origin to the 
accretion of particles of carbonate of.lime dissolved out 
of the slightly calcareous sediments by precolating water, 
and deposited in the form of nodules as the water
^Fachse, F. A*, Mymenslngh. Bengal District Gazetteers 
(Calcutta: Bengal Secretariat Book Depot, 1917), p. 1-21*
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evaporates*“ In the outlying portions, especially in the
south, the hills give place to low ridges of red clay which
are separated by winding channels of streams and basins
containing dark colored clay of Recent origin, locally
known as baids. The steep slopes between the red clayey
ridges and the baids are overgrown with scrub jungle, and
cultivation is confined mainly to the bald lands*
The Barind: The Barind is another large tract of
‘•old alluvium** situated west of the present course of the
Jamuna (Brahmaputra)* It includes parts of Malda, Rajshahi,
1*6Dinajpur, Rangpur, and Bogra districts of Bengal* It is 
separated from the Madhupur Jungle by the Jamuna and its 
flood plain* The general extent of the tract is from west 
to east, but on the west there is a southern projection 
from Godagari to Premtali not very far from and nearly 
parallel to the left bank of the Ganges*
Barind has a higher elevation than the surrounding 
plains, but unlike Madhupur Jungle there is not much dif­
ference in level* Being comparatively low it is but 
slightly dissected and retains large flat or undulating
^T. H* D* LaTouche, “Relics of the Great Ice Age in 
the Plains of Northern India,“ Geol* Mag*. XLVII (1910), 198*
^0*Malley, L* S* S*, Rajshahi. Bengal District 




surfaces —  another feature which distinguishes it from the 
highly dissected, hilly Madhupur Jungle. The slopes are 
gentle and gradual and the boundaries are not sharply 
defined. The surface deposits consist of clay with kankars 
which are generally lighter in color than Madhupur clay, 
being yellow to yellowish-red. The whole of Barind tract 
is drier than the alluvial tracts, and as a result is only 
a one crop area. The vegetation in the uncultivated areas 
consists of scrub, with some large trees scattered about.
The Lalmai Hillsi The Lalmai Hills, also called the 
Red Banks of Comilla, are an island of lateritic material 
rising above the Recent deposits. They are situated in the 
southeastern part of Bengal, not far north from the Meghna 
Estuary. Comilla, the headquarters of Tippera District, 
is about five miles east of the Lalmai Hills. These hills 
extend from north to south for a distance of 11 miles and 
have a width of about one to three ̂ miles. The average 
elevation is i+0 feet above the adjoining plains, while 
highest elevation of 150 feet is attained at two points 
called Kalir Bazar and Chandimura. These deposits are 
very similar to those of the Madhupur Jungle and the 
Barind. They were thickly forested in the past, but vege­
tation has been cleared for agriculture. Only the high 
portions with steep slopes remain under the cover of scrub 
and coarse grasses.
103
In addition to these three best known patches of
Pleistocene deposits in the lower alluvial valley of the
Ganges and the Brahmaputra there are some similar surfaces
if9along the eastern bank of the Brahmaputra in Assam, West 
of Hoogly-Bhagirathi in West Bengal and elsewhere, about 
which no information is available except that they are 
classified as Hold alluvium. »*
Speculations Regarding the Formation of w01d Alluvium” 
50Fergusson, who wrote a classic paper on the recent 
changes in the Ganges delta, was the first to account for 
the origin of the Madhupur Jungle. He believed that the 
higher elevation of the Madhupur Jungle is due to the up­
heaval .of the area which took place **in very recent times.*' 
He refers to the earthquake of 1762 which was accompanied 
by elevation and subsidence of large tracts of land. The 
Madhupur Jungle, according to him, occurs along the **axis 
of the belt of volcanic action*' which runs inland from the 
islands of the Bay of Bengal. The eastward diversion of 
the Brahmaputra into the Sylhet Jheels and to the Meghna 
is explained as the result of the upheaval. Fergusson 
was impressed by the presence of the Sylhet Jheels —  a
^Mukerjee, Radhakamal, The Changing Face of Bengal 
(Calcutta: University of Calcutta, 1936), p. 122.
5°0e . cit.. p. 321-5h.
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depression of about the size of Madhupur Jungle—  and 
considered the possibility of compensatory subsidence due 
to elevation*
As LaTouche has pointed out, Fergusson overlooked 
other masses of old alluvium which do not occur along the 
**axis of the belt of volcanic action,” and which demand's 
different explanation* If upheaval is responsible for the 
origin of Madhupur Jungle we shall have **to apply the same 
reasoning to other patches of the older alluvium, and it is 
difficult to suppose that each one of them is due to a 
special upheaval*M^^
It seems that Fergusson was unduly impressed by the 
Bengal-Assam earthquake which, though very destructive, 
had only a slight effect on shaping the topography of the 
region*
52Another theory came from Hirst, who believed that 
movements of the earth*s crust are responsible for raising 
these tracts; the upheaval is comparatively recent and is 
still going on* He postulated a compensatory subsidence 
along a north-south line from Jalpaiguri to Goalundo, which 
corresponds with the present course of the Jamuna (Brahmaputra)*
51LaTouche, oj>. cit*. p. 199* 
^Sachse, o£* cit., p. 2*
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53LaTouche was the first and possibly the only writer
to recognize any relationship between the glacial age and
the formation of the Madhupur Jungle# He believed that the
old alluvium consists of material brought down by the
Ganges, which then flowed to the north of its present
course# The alluvium was deposited as a delta in the sea
which then extended far north up to the Khasi Hills# The
following significant lines occurring in LaTouche*s paper
are worthy of special attention:
"... It is possible, indeed quite certain, that 
during the Glacial Period exceptionally immense 
quantities of debris were precipitated into the 
rivers, more indeed than they were able to carry 
away comfortably, as the terraces in their upper 
valleys show. Is it not, then, reasonable to 
suppose that it was then that the lower valleys 
of the same rivers were choked with a super­
abundance of silt, and that to the same period 
it is that we must attribute the formation of 
the ♦older alluvium;* that, in fact, these de­
posits are as truly relics of the passage of the 
Glacial Period as the ancient moraines among the 
hills?"
The significance of LaTouche's paper consists in the 
fact that he considers the alluvium of these tracts of 
glacial origin deposited under deltaic conditions. Whether 
the rivers had the supply of "exceptionally immense quanti­
ties of debris" during the glacial period when most of the 
higher Himalayan valleys were covered under large ice masses,
^ O p . c i t . » p .  1 9 3 -201#
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seems to be doubtful. The Gulf Coast evidence shows, without 
doubt, that during the glacial stages of low sea levels the 
rivers deeply cut their valleys, while during the inter­
glacial stages of rising sea levels they deposited great 
masses of coarse to fine sediments* In the case of Ganges 
and other Bengal rivers, it is not unreasonable to suppose 
that their behavior during the Pleistocene was not far 
different from those of the Louisiana Gulf Coast region*
Are the Patches of M01d Alluvium” the Pleistocene Terraces?
It can be readily seen that none of the theories ad­
vanced to explain the origin of the "old alluvium” is 
sufficiently comprehensive to explain all the questions 
connected with the problem* The diastrophic origin of the 
positive and negative earth-movements has not been con­
clusively proved* The evidence presented to show that it 
is sharply localised is most open to criticism* Some of 
the very significant facts,, however, studied by Fergusson, 
Hirst, LaTouche, and others stand out and may be briefly 
summarized as follows:
(1)* During most of the Pleistocene period the greater 
part of Bengal was at least partially occupied by the sea 
which extended to the base of Shillong Plateau in the north, 
and near Rajmahal Hills in the west*
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(2). The Ganges was located much to the north of its 
present course* The southward shift was caused by ad­
vancing alluvial-fan and other deposits of the Himalayan 
tributaries of the river*
(3)• The Madhupur Jungle, Barind, etc*, are composed 
of deltaic materials deposited by the rivers*
(If)* The coarse material carried by the Ganges and 
other rivers was derived from the huge glacial deposits in 
the higher Himalayan valleys*
(5). The Mold alluvium” patches which appear as dis­
sected hills or flat and undulating surfaces higher in 
elevation than adjoinging plains have undergone uplift and 
are probably still rising*
»
(6)* Subsidence and uplift have been noted as simul­
taneous processes* What exactly is the relationship between 
one particular uplift and an adjacent subsidence is a 
matter of details which have yet to be worked out.
Keeping in mind the fluctuations of sea level as the 
result of waxing and waning of the glaciers during the 
Pleistocene, if we put together the facts noted above a 
picture, very similar to that of the Gulf Coast area, 
emerges* Assuming that the eastward flow of the Ganges 
dates from the second glacial stage, we can expect two or 
three periods of valley cutting corresponding with the sub­
sequent glacial stages of low sea levels, and three or
ioe
four periods of active deposition corresponding with the 
interglacials of higher strand lines.
Following a suggestion made by Vann^* and on the basis 
of the evidence already cited, the writer feels justified 
in concluding that the Madhupur Jungle, Barind, and other 
similar tracts are fluvial terraces associated with inter­
glacial depositional periods. A number of details, such 
as the recognition of various levels and their correlation 
with depositional sequences, the stratigraphy of the 
deposits, their surface and under-surface slopes, and the 
like, still await careful investigation.
John Vann, Jr., MThe Indus and Ganges Deltas,” 
Unpublished manuscript, in Louisiana State University 
Geology Library, 19*f6* p. 29-76.
CHAPTER IV
THE CHANGING DRAINAGE PATTERNS OF THE LOWER GANGES VALLEY
The hydrography of the Lower Ganges Valley is undergoing 
constant change. Since the making of the first correct map 
of the rivers of Bengal by Major James Rennell after his 
survey.of the province in 176/f-79> considerable changes have 
occurred in the courses of the main rivers which have affected 
the entire drainage pattern of the area. Similar changes have 
taken place during the past centuries about which we have only 
a vague information from a number of indirect sources. Prac­
tically nothing is known about the courses of Bengal rivers 
in prehistoric times.
SOURCES OF INFORMATION
Rennell*s map, (1779) being the earliest authentic 
work available, serves as a good starting point to study the 
changes in the river systems of the Lower Ganges Valley be­
fore and since its construction. Early courses of the main 
streams can be reconstructed with a moderate amount of pre­
ciseness from a number of indirect sources, some of which 
are briefly discussed below:-
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!• Old Hindu Scriptures: Information available from
the old Hindu scriptures about the rivers of Bengal is
very meager indeed. The early settlements of the Aryans
1in 2,500 B.C. were mostly in the Punjab. Not until 
1,000 B.C. did cities start to appear in the Upper and 
Middle Ganges Valley. Explorations of the unsettled 
eastern kingdoms of Bengal and Assam found casual expres­
sions in the old scriptures. Names of rivers or cities 
mentioned in these books are different from the modern 
names, and sometimes it is impossible to locate them 
correctly. Some of the early books from which information 
is sought are Matsaya Purana, Vedas, Ramayan, Mahabharat, 
and others. The more serious obstacle to the usefulness 
of these books is their allegorical form of narration 
which can be interpreted variously in arriving at a 
relevant conclusion. The obvious result is confusion 
and disagreement among those who endeavor to undertake 
such a task.
2. Historical Records: Records of administrative
and revenue divisions, wars, and campaigns more realis­
tically written and better preserved during the last five 
or six centuries, constitute a better source of informa­
tion. Comparatively more precise knowledge is gained
■̂ The Cambridge History of India, Vol. I. Ancient 
India (Cambridge: At the University Press, 1922}, p . 70.
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of the relative sizes and importance of rivers. Also, 
the rivers being the only efficient means of transport 
in this region, all the important cities were situated 
on the banks of those streams which afforded the best 
possibilities for trade and commerce. Deterioration of 
a river invariably leads to the decline of the cities 
and ports situated on its banks, and to the rise of new 
ones on the more active streams. This evidence can be 
very helpful if it is used to complement the geologic 
and archaelogical findings.
3. Travellers1 Accounts: A number of foreign
travellers visiting India from time to time wrote accounts 
of their visits. One of the most useful of such accounts 
is that of the Chinese traveller Magasthanese who was in 
India in 300 B.C. and wrote a detailed description of the 
Bengal rivers. Ibn Batuta*s account of India (l328-5h) in 
the Middle Ages also furnishes considerable information 
about the rivers and ports.
J+. Ptolemy1s description of India (150 A.D.) is one 
of the good sources of our knowledge. He mentioned all 
the major streams of the Ganges Delta and gave the exact 
latitudinal and longitudinal locations of their mouths.
He made a mistake of about four minutes to a degree in 
the calculation of longitude, but allowing for this
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error it is quite easy to locate the rivers he men-
2tioned.
5. Archaelogic Evidence: Some archaelogic excava­
tions have been made in the Sundarban area to study the 
extinct cultures which were supposed to thrive on the 
northern margins of the mangrove forests. The results 
were very rewarding indeed. Ruins of houses, artifacts, 
pottery and implements were discovered. Also stumps of
sundri trees 10 to 30 feet below the surface were found
3standing in a vertical position. Thus archaelogy has 
furnished conclusive evidence of subsidence in the 
deltaic area, which is also supported by geomorphological 
evidence.
6 . Modern Maps: Some of the early European ex­
plorers, among whom the Portugese were the first, made 
maps of India. Those of De Barro (1550) and Gastaldi
h(1561) are the oldest of modern maps of Ganges Delta. 
Later the Dutch, French and British came in and made maps 
showing the courses of rivers, in which they were 
interested particularly from the point of view of their
ON. K. Bhattasali, ‘'Antiquity of the Lower Ganges and 
its Courses,” Science and Culture, VII (I94I), 233-39*
^Bagchi, Kanangopal, The Ganges Delta (Calcutta: 
University of Calcutta, 19Mf)» P»
Radhakamal, The Changing Face of Bengal 
(Calcutta: University of Calcutta, 193&)» P* li+l»
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navigability* Matheus Van den Brouchefs map (1660), 
showing the rivers and market towns of Bengal, makes an 
interesting comparison with that of Rennel. These, 
being the first attempts to map this area, are not very 
accurate, but some of them do show the relative impor­
tance of the main rivers* There is, however, a tendency 
to emphasize the western distributaries of the Ganges, 
which were then more frequently used for navigation, at 
the expense of other streams* These maps can undoubtedly 
be useful for tracing the old channels of the Ganges and 
other important streams but they have to be used with 
great caution as many of them made in the same period do 
not generally agree on all details.
THE POST-SIV/ALIK DRAINAGE
After the diversion of the Ganges and Brahmaputra to 
the Bay of Bengal and consequent disruption of the Siwalik- 
Indobrahm river system in late Pleistocene times, these two 
rivers and their tributaries must have spent considerable 
time in filling up the gulf which then occupied most of the 
Lower Ganges Valley. The Barind, Madhupur Jungle, and 
Lalmai Hills, the three islands of f'old alluvium,” are the 
only remnants of Pleistocene deltas* The relative role of 
the two great rivers in forming these deltas is not yet 
determined, but their arrangement in a great arc north of
m
and parallel to the Padma-Meghna channel of the Ganges seems 
significant. It is possible that the Ganges, which was 
located much to the north of its present course, (having 
been pushed down since then by the advancing alluvial cones 
of Himalayan torrents), deposited its first delta at the 
Barind which was later extended up to the Madhupur Jungle.
The Brahmaputra must have played a role in the formation of 
the Madhupur Jungle, which probably is the first joint delta 
of the two rivers.
The Recent is the period of rising sea levels and great 
alluviation all over the world. It is certain that most of 
Bengal is the result of Recent filling of the northern 
section of the Bay by the Ganges, Brahmaputra, and their 
numerous tributaries. Little is known, however, about the 
courses of the two rivers during this period of the geo­
logical history.
Investigations in the Alluvial Valley of the Mississippi 
River by Fisk and Russell show a number of channels of the 
Mississippi and its principal tributaries since the begin­
ning of the Recent when the Wisconsin entrenched valley 
system began to fill. “The relative ages of these old 
channels and their deltas are clearly indicated by such 
drlteria as degree of channel abandonment and deterioration, 
stream patterns, natural levee characteristics, and other
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techniques of coastal plain geomorphology• *' Similar in­
vestigations in the Lower Ganges Valley, which shows a 
considerable geologic and geomorphologic similarity to the 
Alluvial Valley of the Mississippi, may reveal patterns of 
shifting channels not very different from those of the 
Mississippi•
MODERN DRAINAGE PATTERNS
The literature of the modern changes in the hydro- 
graphic patterns of Bengal is vast and confused. An attempt 
is made here to show briefly some of the significant changes, 
generally acceptable to most writers, during the course of 
four to five centuries. Many controversies are omitted, 
realizing the fact that no purpose will be served in further 
splitting the hair which probably does not exist.
The picture, however, is not meant to be final. Geo­
logical investigations may lead to a thorough revision of 
our ideas on the subject. This may, at best, serve as a 
sketchy outline for field investigations to be attempted on 
lines similar to those used in the Lower Mississippi Valley. 
Rivers of the Fourteenth Century: From the account of the
Moorish traveller Ibn Batuta (1328-54), Radhakamal Mukerjee
% .  J. Russell, “Quaternary History of Louisiana,” 
Bui. Geol. Soc. Am., LI (1940), 1201.
has concluded that the fourteenth century confluence of the
6Ganges and Brahmaputra was very near the port of Chittagong. 
Ibn Batuta entered Bengal through Chittagong ("Sudakawan") 
which was described as a large city on the sea coast. He 
made a mention of the confluence of two great rivers: "Close 
by it the river Ganges and the river Jun unite and discharge 
together into the sea.” He also mentioned another important 
river which he called the Blue River. This river "descends 
from the Kamaru mountains, and is used by travellers to 
Bengal and Lakhnaoti (Gaur).“ According to Mukerjee “Ibn 
Batuta*s description of the Jun or the Brahmaputra*s con­
fluence with the Ganges near about Chittagong close to the 
estuary, is exceedingly significant as indicating the ancient 
and now forgotten course of the Brahmaputra.** Mukerjee has 
identified Ibn Batuta*s river Jun with “the Jamuna which 
obviously represents Brahmaputra” and the Blue River with 
the Meghna.
It may be noted that the name Jamuna was applicable to 
the Brahmaputra only after it turned west and occupied the 
channel of a small river, called the Jamuna, in the nine­
teenth century. The identification of “the river Jun" with 
the Jamuna, therefore, does not seem correct, irrespective
^Mukerjee, op. cit., p. 130. Gibb, H.A.R., Ibn 
Battuta (London: Routledge & Kegan Paul Lt«, 1953)* P* 267*
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of whether or not the Brahmaputra had a more easterly course 
in the fourteenth century*
Also, if the Ganges-Brahmaputra junction was "near about 
Chittagong close to the estuary," why should the travellers 
to L&khnaoti, (Gaur), (which was situated on the Ganges near 
Rajmahal Hills), use the "Blue River" instead of the Ganges, 
unless, however, there was some connection between the Ganges 
and the Meghna higher up which was considered more suitable 
for navigation?
Rivera of the Sixteenth Century? The earliest course of the 
Ganges, it is generally agreed, is represented by the present 
Bhagirathi-Hoogly channel* Before the existence of the 
Padma or any other eastern channel, at least about 3,000 
years ago, the entire waters of the Ganges passed through . 
this river* The rivers of north Bengal, then some of which 
united into the formidable Karatoya, had independent outlets, 
flowing directly from the mountains to the sea* The Padma 
channel, however, intercepted the south-flowing drainage 
system of north Bengal with the result that the northern 
parts of the intercepted rivers became the tributaries of 
the Ganges while their southern parts served as the distribu­
taries and became the main channel of the river, one after 
the other*f In the sixteenth century, beside the Bhagirathi
7Bengal District Gazetteers —  Nadia, p* 4* Quoted by 
Bagchi, o p * cit*. p. 5 2 *
11&
and Padma channels* both of which undoubtedly existed*, there 
was another important channel of the Ganges north of and 
roughly parallel to the Padma channel* The City of Gaur* 
the ruins of which lie on the east of the Ganges* is shown 
both in De Barro's and Gastaldi's maps on the west of the 
river* Parts of this channel are now occupied by the modern 
Kalindri* Mahananda* Atrai, and Hoorsagar rivers* The con­
fluence of the Ganges and Brahmaputra was then near Sripur 
about 20 miles south of Dacca* The course of the Brahmaputra 
was probably not very different from what is shown in Rennell** 
map* Bhattasali and Mukerjee lend their support to "the 
current tradition that the Ganges used to flow in olden times 
through the Dhaleshwari channel* or even further north along 
the course of the present Burhi Ganga" (■ old Ganges)*
Rivera of the Seventeenth Century: A comparison of Rennell*s
map with that of Matheus Van den Broucke (1660) readily 
shows that the seventeenth century was a period of great 
changes in the courses of Bengal rivers* The accuracy of 
Van den Brouche»s map is certainly not beyond question, but 
it can serve a useful purpose if the comparison is cautious­
ly limited to the major streams and locations of towns on 
their banks*
gBhattasali, ojo* cit*, pp* 233-39,
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Van den Brouoke’s Map of Bengal (1660).
lao
The salient features of Van den Broucke's map may be 
noted as follows!
(1) The Bhagirathi, through which the waters of the 
Ganges used to pass from the twelfth to sixteenth 
centuries, is no longer the main stream of the 
river. The Padma channel, which is shown as a 
broad, braiding stream, entwining numerous large 
islands, now carries the bulk of the Ganges waters.
(2) The Bhaghirathi, however, is still connected 
with the Ganges north of Murshidabad, and serves 
as its western distributary. The only island 
shown in the Bhagirathi is the one near its 
off-take from the Ganges. South of this island 
it meanders freely.
(3) Further downstream, near Satgaon, the Bhagirathi 
divides into the Saraswati and the Bhagirathi, 
the latter being the more important of the two 
channels, which however re-unite a few miles south 
of Calcutta. The waters of the united streams pass 
through Adi Ganga to fall into the Sagar River.
( I f )  The western tributaries of the Bhagirathi are the 
Ajai, Daimodar, and Rupnarayan rivers. The.Damodar 
is divided into two branches, one of which flows 
northeastward and joins the Bhagirathi, while the 
other flows south and enters the Rupnarayan, which 
joins the Bhagirathi near the head of the estuary.
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(5) Besides the Bhagirathi, the Jalangi and Chandna 
are the only major distributaries of the Ganges 
shown in this map. Both of these streams have a 
southwestern course, and the Jalangi joins the 
Bhagirathi from the east near its Damodar con­
fluence.
(6) The Brahmaputra enters eastern Bengal as a braid­
ing river of considerable size. It is joined 
from the north by the Lakhya. It then flows 
southward in two parallel channels of equal 
dimensions. The western channel is called the 
Lakhya and the eastern, the Brahmaputra. The 
Meghna is only a small eastern stream joining 
the Brahmaputra further down stream.
(7) In north Bengal the Kartoya is shown as a minor 
river, a western distributary of the Brahmaputra, 
which joins the Atrai, the northeastern bifurca­
tion of' the Padma. The combined stream passes 
through the Dhaleswari and Kaliganga-Ichamati 
channels to enter the Lakhya south of Dacca.
Rivers of the Eighteenth Century: We get the first complete
picture of the rivers of Bengal from Rennell»s maps. Sub­
sequent changes in the courses of the major rivers have 
considerably altered the patterns recorded by Rennell.
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(1) The Padma is the main channel of the Ganges'which 
flows independently to the sea without uniting 
with either the Brahmaputra or the Meghna. The 
meanders of the Ganges between Rajshahi and 
Goalundo are more pronounced on this map than 
they were on Van den BrouckeTs map or on the 
modern ones.
(2) The Bhagirathi has been further reduced, its 
connection with the Ganges functioning only during 
the rains. Among the active distributaries of the 
Ganges are the Chandna and Jalangi. The Chandna 
then was navigable throughout the year.
(3) Along the delta face he refers to no less than
eight openings, each of which, according to him,
9had been the -mouth of the Ganges at.one time.
(4) In his map Rennell shows the Brahmaputra flowing 
east of the Madhupur Jungle, meeting the Meghna 
south of Bajitpur.- Below the confluence of the 
two rivers the five-mile-wide channel, appearing 
like Man arm of the sea,1' is named the Meghna 
River. The Jamuna (or Jenai, as it is called in 
its upper section) appears on the maps as a small 
distributary of the Brahmaputra, flowing southward
^Chatterjee, S. P., Bengal in Maos (Calcutta: Orient
Longmans, 1949)> p. 9»
to join the Dhaleswari, which is still connected 
with the Ganges. The formidable Lakhya. of Van 
den Broucke»s map is only a little distributary 
of the Brahmaputra on Rennell*s map.
(5) There has been a striking change in the courses 
of north Bengal rivers since Rennell's times.
The Tista is shown as the dominant river. The 
Tista river system occupies the central part of 
the Ganges-Brahmaputra Doab and cuts through the 
Barind area. On the east of the Tista are a 
number of mountain torrents which join the 
Brahmaputra as it flows round the Shillong Plateau. 
On the west, the Mahananda River, with its numerous 
mountain tributaries, flows southeastward to join 
the Ganges near Nawabgunj (••Nabobgunge”). The 
Tista breaks up into a number of channels, some of 
which, from west to east, are the Purnabhaba,
Atrai, Jamuna, Karatoya, and Ichamati. The 
Purnabhaba joins the western Mahananda, while the 
other streams re-unite to form the combined 
Hoorsagar, which flows into the Ganges at Pialpur.
EVOLUTION OF THE PRESENT RIVER SYSTEM
We have noted the major changes in the drainage systems 
of the Lower Ganges Valley during past few centuries. The 
evolution of the present drainage system is the result of the 
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Rennell (1781), Fergusson (1863), Latouche (1910), Majumdar 
(1924.2), Bagchi (I92f2+), and others have discussed the causes 
responsible for these changes. The river changes in the 
three divisions of the Lower Ganges Valley may be described 
here, and some of the ideas presented on the subject may be 
briefly reviewed.
The Ganges-Brahmaputra Doab: The rivers of the Ganges-
Brahmputra Doab, collectively called the horth Bengal 
rivers, are mountain streams with considerable volume and 
load at flood times. On descending down the steep piedmont 
alluvial cones, the stream profiles flatten and the rivers 
split up into numerous channels. These streams have been 
swinging all over the doab from one side to another. In 
fact, in the struggle for mastery between the Ganges and 
Brahmaputra, the balance of power has always been in the 
hands of these minor rivers, especially the Tista, which 
have changed their allegiance from the one to the other to 
make the favored stream larger, more powerful, and domi­
nating.
During the last few centuries the Ganges has shown a 
tendency to shift north of the Padma to keep its course 
more in direct line of its flow, but the failure of the 
great river to have its way can, at least partly, be 
attributed to the significant role played by ’the north 
Bengal rivers.
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The most significant change in the north Bengal rivers, 
since Rennell*s times, has been the diversion of the Tista 
into an old abandoned course eastward to join the Brahmaputra 
near Bahadurabad. Consequently, it lost connection with its 
numerous channels which used to combine as the Hoorsagar 
before falling into the Ganges. Most of these channels 
exist as intermittent streams and are called “dead" or 
'•dying'1 rivers. The Hoorsagar, now called the Baral, still 
carries the waters of the Atrai and Karatoya, but to the 
Brahmaputra instead of the Ganges as in former times. Now 
only the Mahananda, with its considerably reduced tributary, 
the Purnabhaba, joins the Ganges. The diversion of the 
Tista was effected rather suddenly, as evident from Hunter's 
description: "In the destructive floods of 1194 B.S. or
17^7 A.D., which form an epoch in the history of Rangpur, 
the stream (Tista) suddenly forsook its channel and turned 
its waters into a small branch marking an ancient bed of 
the same river, running south-east into the Brahmaputra, 
and forced its way through the fields and over the country 
in every direction.
Discussing the changes that have occurred in the north 
Bengal river systems before and since Rennell*s timo,
^°Hunter: .Statistical Account of Bengal, Vol. VII,
p. 165* Quoted by Majumdar, S.C., Rivers of the Bengal 
Delta (Calcutta: University of Calcutta, 1942), p. 54-55*
Fergusson maintained that even the Kosi was a horth Bengal 
river which flowed in a southeasterly direction. He also 
believed in the possibility of the Brahmaputra flowing 
through its present channel prior to its diversion into 
the channel east of the Madhupur Jungle. The Kosi, accord­
ing to Fergusson, was then, a tributary of the Brahmaputra 
having no connection with the Ganges. "Indeed, an attentive 
study of the successive changes that have taken place 
renders this almost certain; and it is probable that the 
Oorsagur (Hoorsagar) is the mouth by which the combined 
waters of the Coosy (Kosi), the Mahanudee (Mahananda), and 
the Attree (Atrai) were originally discharged into the Assam 
(Brahmaputra) river.
The Meghna-Brahmaputra Valley; The river changes in the 
Meghna-Brahmaputra Valley since Rennell’s time have been 
no less spectacular than in the Ganges-Brahmaputra Doab.
”It appears that being reinforced by the Tista flood since 
its diversion in 176? the Brahmaputra was no longer able 
to accommodate its waters in the old Brahmaputra channel 
flowing eastward past Mymensingh and began to cut out a 
new channel for the additional water more'or less along the 
Jenai and finally succeeded in developing this channel 
sufficiently to be able to pass practically its entire
■^James Fergusson, "On Recent Changes in the Delta of 
the Ganges," Quat. Jour. Geol. Soc. (London), XIX (1663), 3̂ *5.
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flood discharge through the new channel, called the Jamuna,
12at the expense of the old channel*11 Consequently, the
old Brahmaputra has deteriorated, so much so that even at
the maximum flood its discharge does not exceed 80,000
cubic feet per second as against the maximum discharge of
2,000,000 cubic feet per second of the Jamuna channel;
while during the dry season, being disconnected with the
main river, it becomes practically dry.
The diversion of the Brahmaputra, which took place
about i+0 years after the Tista diversion, was the result
of slow processes and did not take place as suddenly as
the latter. Twenty-three years after the Tista floods,
13Buchanon Hamilton observed in 1810 that the Brahmaputra
"threatened to carry away all the vicinity of Dewangunj
and perhaps to force its.way through the Konai (Jenai)
into the heart of Natore," which it ultimately did in 1830.
Major Hirst in his report on Nadia Rivers in 1915
attributed the diversion of the Brahmaputra to tectonic 
14activities. He believed that the present course of the 
river is along the axis of a fault which extends in a 
north-south direction. According to him the vertial uplift
12̂Majumdar, op. cit., p. 57* 
13Fergusson, ojd. cit., p. 334< 
^Slajumdar, op* cit.. p. 68.
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of the Madhupur Jungle, which dips below the bed of the 
Brahmaputra in the north, was responsible for the shift 
in its course.
15Latouche, however, did not agree with Hirst and 
believed that the diversion was due to entirely different 
causes. He thinks that the Brahmaputra1s connection with 
the Tsangpo of Tibet through the Dihang is very recent.
The Brahmaputra was a comparatively small river flowing 
through its cold course. But when its tributary, the 
Dihang, cut back into the valley of Tsangpo and “brought 
down enormous accession of water, the Brahmaputra began 
to assert itself. At first it could do little, for the 
accumulation of alluvium in its path was too great to be 
swept away, and it had to be content with its old course 
into the Meghna; but it had a treacherous ally in the 
Teesta (Tista), which had gradually been sapping the 
defences of the Ganges. The Teesta, wandering from side 
to side over the old alluvium south of its exit from the 
hills, swept it away by degrees, wearing down the face of 
the country to the west of Madhupur Jungle, and in course 
of time opened a passage for the spill-water of the
15T.H.D. LaTouche, “Relics of the Great Ice Age in the 
Plains of Northern India,“ Geological Magazine. XLVII (1910), 200.
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Brahmaputra down the Jennai river." Finally, when the 
Tista turned more to the east and joined the Brahmaputra 
the extra silt brought by it "was too much for the 
Brahmaputra to deal with, hampered as it was already by 
the damming back of its waters by the Meghna as the latter 
slowly raised the levels of Sylhet, and that the two 
allied rivers were compelled to find a new channel."
Latouche*s paper, which has been quoted here at 
length, represented the opinion of the Geological Survey 
of India as against the uplift theory of Hirst. Since 
1910, when this paper was written, nothing has been added 
to our already meager knowledge of the problem. However, • 
it seems apparently acceptable that the confluence of the 
Tista with the Brahmaputra was at least partly responsible 
for the diversion of the latter into the Jenai channel. It 
might have also accelerated the processes which originated 
as the result of the uplift of Madhupur Jungle —  a proba­
bility which cannot be dismissed in view of the evidence 
of subsidence in the deltaic area of which it might have 
been a compensatory uplift. The regional tilting of the 
Gulf Coast terraces in Louisiana and their increased eleva­
tions inland in response to the downwarping in the areas of 
sedimentary accumulation, presents a very close parallel to 
the situation in the Ganges Valley, and lends considerable
support to the view that the Madhupur Jungle has been up­
raised due to similar causes*
The Deltaic Plain: The Bhagirathi channel is considered to
be the old course of the Ganges until the sixteenth century, 
although the Padma channel, through which the main waters of 
the Ganges flow now, existed during Ptolemy*s times* Since 
the sixteenth century a number of channels between the 
Bhagirathi and the Padma became successively the main courses 
of the Ganges* Sir William Wilcox, an India born British 
engineer, claimed that the Bhagirathi and other distributaries 
of the Ganges in central Bengal were originally the canals 
excavated by the ancient Hindu kings of Bengal for the purpose 
of overflow irrigation*^ Sir William*8 approach being highly 
hypothetical and his arguments mainly derived from the in­
direct mythological sources, could hardly find favor with 
the geologists whose line of thinking was fundamentally 
different from his* His contention that the western part of 
the deltaic plain, which has much greater seaward extension 
than the eastern-, was originally a combination of a number 
of small deltas built by streams issuing otft of the Chhota 
Nagpur Plateau and Santhal Hills, is not tenable in view of 
the fact that the combined discharge of these rivers is much 
smaller than.that of the Ganges*
^Willcoeks, Sir William, Ancient System of Irrigation 
in Bengal (Calcutta: University of Calcutta, 1930), p* 1-28.
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The major change in the course of the Ganges since
Rennell’s time, however, is its further eastward extension.
Now the waters of the river pass through the Meghna channel
at the expense of the Arial Khan channel which is shown as
its main outlet to the sea in Rennell's map. The entry of
the Jamuna (Brahmaputra) into the Ganges at Goalundo has a
damming effect on the water of the latter, as a consequence
of which some of the "dying** tributaries of the western
delta have been revived. "The Garai, which leaves the
Ganges at Kushtia, was englarged from a mere creek unable
to float a vessel! drawing more than a foot or two of
water, as Rennell found it in 176lf> to a broad and deep
river, now the principal steamer route from Calcutta to the 
17Upper Ganges,"
BAERtS LAW IN RELATION TO BENGAL RIVERS
The diversion of the Brahmaputra and Kosi to the west 
of their former courses in recent years has given rise to 
the speculation that the so-called Baerfs Law is operative 
for the rivers of the Lower Ganges Valley. Chhibber con­
siders the diversions of the Kosi a classic example of west-
1Bward migration of a river. According to Baer»s Law the
^ L a  Touche, oo. cit. . p. 201.
L. Chhibber, "Westerly Drift of Rivers of Northern 
India and Pakistan,** Bui, Nat. Geog. Soc. India. XII (19it9) . 
1-16.-
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rivers in the northern hemisphere have a tendency to deviate 
from their straight course to their right and in the southern 
hemisphere to their left, due to the rotation of the earth 
on its axis*
The law was formulated by Karl Von Babr in 1866, but
the idea was first advanced by Babinet in 1849* It was
later discussed by Dunker, Klockmann, Nansen, A* E.
19Nordenskiold, and others. William Ferrel, an American
meteorologist, reached similar conclusions (known as Ferrel*s
Law) to explain the deflection of moving bodies, especially
20the winds and ocean currents, on the rotating earth.
Gilbert (1882+), Jefferson (1907)> Eakin (1910), and Russell 
(1932) are some of the American geologists who studied the 
effect of rotational force on the lateral corrasion of 
streams.
On the basis of his quantitative measurement of the
deflective effect of the earth*s rotation on rivers,
21Gilbert concluded that the lateral erosion of the right
^R. J. Russell, "Significance of Baer's Law," Science. 
LXXV (1932), 564.
20v/illiam Ferrel, "The Motions of Fluids and Solids 
Relative to the Earth's Surface," Am. Jour. Sci. and Arts, 
sec. ser. XXX (1861), 27-51* Ferrel had earlier presented 
his theory in I856 under the title "Essays on Winds and Cur­
rents of the Ocean" in the Nashville Journal of Medicine and 
Surgery.
^-G. K. Gilbert, "The Sufficiency of Terrestrial Rota­
tion for the Deflection of Streams," Am. Jour. Sci.. CXXVII 
(1884), 427.
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bank in the northern hemisphere and of the left in the 
southern becomes accelerated due to the development of 
centrifugal force on the curves of meandering streams.
He agrees, however, that there being no "phenomenal evi­
dence" for its support "the question of the sufficiency 
of the cause for the production of observable modifications
in the topography of stream valleys is still an open one.”
22Jefferson noted that some of the Michigan rivers 
showed "persistent and uniform tendencies toward one or 
the other side of their valleys." But if the deflection 
of some streams to the right is to be explained in terms 
of Baer’s Lav/, those which press to the left have to be 
left beyond "the pale of law."
Eakin’s unqualified support to the theory was based 
on his study of the Alaskan streams in which he noted "a 
strong predominance of erosion on the right bank, shown by 
asymmetry in the position of the river with respect to the 
flood plain, the distribution of bluffs on the right and 
left limits, and in the distribution of bars and islands 
relative to cut banks.” He found that the Yukon flows 
close to the right bank of its valley for the last 600 miles 
of its course. He also pointed out that between Sioux City,
22Mark Jefferson, "Lateral Erosion on some Michigan 
Rivers,” Bui. Geol. Soc. Am^, XVIII (1907), 333-50.
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Iowa, and Kansas City, Missouri, the area of the flood
plain of the Missouri River is more than four times greater
23on the left side of the river than on the right. As 
24Russell has pointed out, this impressive ’'array of ex­
amples .... marshalled in support of Baer's Law" can be
matched with "equally convincing facts" against it.
25Bertrand's computation showed that a river in the
northern hemisphere at 45° latitude, flowing with a velocity
of three meters per second, exerts a pressure equal to
1/63539 of its weight on its right bank, which, in fact,
26is too small to be considered. According to Russell "the 
most rigorous test of the whole hypothesis, in all proba­
bility, has been that applied by Exner, who finds that the 
swift flowing, relatively large and well established Danube 
at Vienna has about one one thousandth more erosive effect 
upon the right bank of its bed than upon the left."
Thus it becomes obvious that the geologists are not 
united in their opinion regarding the effect of the earth's
23H. M. Eakin, "The Influence of the Earth's Rotation 
Upon Lateral Erosion.of Streams," Jour, of Geology. XVIII 
(1910), 435-47.
^Russell, "Significance of Baer's Law," o£. cit., p. 565.
^Gilbert, o£. cit. . p. 426.
26Russell, "Significance of Baer's Lawi" op. cit.. p. 565.
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rotation on the behavior of the streams* In the case of the 
Brahmaputra, Kosi, and some other rivers of Northern India, 
cited by Chhibber as examples of westward deflection due to 
rotational force, we find a wholesale diversion of a river 
from the channel previously occupied by it to a new one, 
which in many cases existed before the diversion. As al­
ready noted, the Brahmaputra*s old course, before.it occu­
pied the channel east of the Madhupur Jungle, was almost 
identical with its present Jamuna course. It is, therefore, 
a case of shifting from one channel to another, east or west 
of the Pleistocene terraces, which probably has happened a 
number of times. The Brahmaputra has not migrated seventy 
miles west of its eighteenth century course by eroding the
right wall of its valley for all that distance. Chhibber
has apparently overlooked some of the most significant 
factors like the tremendous increase in the volume of the 
Brahmaputra due to its connection with the Tsangpo of Tibet 
and the junction of the Tista. Also, a slight tilting back 
of the Ganges Valley due to upwarping of the Madhupur Jungle 
thus reducing the river gradients cannot be ruled out as a 
possible factor.
The Kosi is notorious for violent and quick changes of 
course, each new course being west of the previous one. Thus 
it shows a great westward drift from its earliest course when 
it was the tributary of the Brahmaputra. It has built a huge 
talus cone on its descent from the Chatra Gorge in Nepal and
its alluvial cone extends in a large area right up to the
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northern bank of the Ganges* The Kosi is essentially a
mountain torrent, charged with enormous amount of detritus
and sand, flowing over its alluvial fan with no permanent
deep channel* Chhibber1s attempt to explain the behavior
of such a stream with reference to the rotational deflective
force seems to lack the support of convincing facts*
The Bhagirathi is the only river which flows close to
the right valley wall and has more cut-offs on its east side
than on the west* Does the Bhagirathi, then, represent an
example of a stream where Baer*s Law is obviously operating?
#
An important fact, often overlooked, is that the Bhagirathi
has half-a-dozen right-bank tributaries which deposit their
coarse material near the bank of the river, burying all
meander scars and raising the level of the right bank of the .
Bhagirathi. Also Mthe deflective force acting on any moving
body varies with its mass, its velocity, and the sine of its
27geographical latitude**» Here we have a highly meandering
ostream flowing south of 22* N* lat., with little or no con­
nection with the Ganges for most of the year, on a land which 
has a slope of about three inches to the mile* Whether or 
not Baer*s Law can explain the courses of streams in compara­
tively higher latitudes, it certainly does not seem to be a 





The Lower Ganges Valley is the meeting place of three 
independent river systems* those of the Ganges* Brahmaputra 
and Meghna. The Brahmaputra* which enters Bengal from Assam 
Valley and flows longitudinally* occupies the central 
position between the Ganges and the Meghna and is by far 
the most dominating river of the region. The Ganges is 
close second but the Meghna is much smaller than the other 
two rivers.
The Brahmaputra: The flood plain of the Brahmaputra
is well marked and is located between the Barind on the west 
and the Madhupur Jungle on the east. A number of streams 
flow parallel to the Brahmaputra on both sides of the river. 
The Karatoya marks the western boundary of the Brahmaputra 
flood plain while the Bansi* which cuts across a part of the 
Madhupur Jungle* is approximately the eastern limit. The 
flood plain in Bengal occupies parts of Rangpur* Bogra and 
Pabna districts on the west side of the river and of 
Mymensingh distriot on the east. Gupta^ describes the 
flood plain of the Brahmaputra in the Bogra District as 
follows :
^Gupta, J. N., Bogra. District Gazetteers of Eastern 
Bengal and Assam (Allahabad: The Pioneer Press* 1910)* p. 1-2.
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"This tract is generally low-lying, and is 
intersected by numerous khals, or natural 
drainage channels, and jheels, or shallow 
swamps and marshes* It is subject to.yearly 
inundations from the overflow of the 
Brahmaputra, the Bengali and the Katakhali, 
the last of which now brings down the 
drainage of much of south Rangpur, which 
formerly passed southward, without flooding, 
by the wide bed of the Karatoya*"
Between the broad natural levees of the Brahmaputra and 
those of the smaller streams, there are chains of jheels, 
some of which assume considerable proportion at flood times, 
but most of- these dry up or are considerably reduced during 
the dry season*
OThe sedimentary deposits* of the flood plain consist 
of fine sand, whitish in color, locally called the pali, 
deposited mainly by the Brahmaputra and later reworked by 
other minor streams* This sandy belt, generally devoid of 
vegetation except a few scattered trees, stands in sharp 
contrast to the red-colored, hard, clayey material, called 
the khiar, formed as the result of weathering of the Barind 
and the Madhupur Jungle, which are covered with underwood 
and a large number of trees*
The effect of the pali and khiar material is very well 
reflected by the cultural patterns of the two contrasting 
areas* In spite of flooding the pali tract is considered




as second rate for rice cultivation and is largely devoted 
to jute crop* The khiar lands, which retain considerable 
moisture, are on the other hand, good paddy fields* In the 
flood plain the houses are made of mats and reeds and the 
water wells are always lined to prevent them from being 
choked up by loose sandy material* In the khiar areas, on 
both sides of the flood plain, clay is widely used for 
building the wall of the houses, and the water wells are 
dug straight .down without any artificial support*
The channel of the Brahmaputra is wide and shallow*
As the river enters Bengal from Assam, it continues braiding* 
Long islands of sand are foraed in the midst of the channel, 
which become considerably enlarged at low floods* In the 
middle of its course in Bengal, in the northeast corner of 
Bogra District; there is comparatively a narrow straight 
channel of the Brahmaputra, of about ten miles in length, 
which is completely free of towheads (chars)* It is called 
the Daokoba reach* Below the Daokoba reach the river splits 
into as many as four channels interlacing between sandy 
islands which are constantly shifting* At Baokoba reach 
the Brahmaputra presumably cuts through the Pleistocene 
material of the Madhupur Jungle, the axis of which extends 
in the northwest direction*
I2f2
Another interesting feature, connected with the fine, 
loose material of the flood plain, which immediately 
attracts attention in parts of Rangpur and Bogra districts, 
is that during the dry season, "when a breeze always pre­
vails, a haze caused by the sand suspended in the air hangs 
over the river, making it difficult to see any distance 
along it.w^
The course of the Brahmaputra is known to have shifted
east or west in different parts of the river during the
last 125 years since it was diverted to the Jamuna channel.
In the upper section of its course through Rangpur and
Mymensingh districts, the river is encroaching on its right
kbank and a westward shift is noticeable. In the lower 
section below the Daokoba reach it out the right bank in 
the later part of the nineteenth century and flowed only a
mile from Naokhila, but with the beginning of the twentieth
5century it has started moving eastward, and is now seven 
miles from Naokhila*
The Ganges: The northern limit of the flood plain of
the Lower Ganges River is marked by the alluvial cones of
^Ibid., p• 3•
**Vas, J. A*, Rangpur. District Gazetteers of Eastern 
Bengal and Assam {Allahabadt The Pioneer Press, 1911), p. if.
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its Himalayan tributaries, (the most notable of which are the 
Kosi and the Mahananda) and by the southern edge of the 
Barind* The gigantic alluvial cones of these rivers extend 
southward in a large area covering parts of eastern Bihar 
and. Bengal* The Rajmahal Hills, which come close to the bank 
of the river near the Rajmahal turn, fora the southern limit 
in eastern Bihar* As the Ganges enters Bengal, it starts 
giving-off distributaries on its right bank, so that the 
flood plain is only limited to the tract between the river 
and the Barind on its left side* Even in this tract the 
land associated with the Baral and Ichamati rivers can be 
hardly included with the flood plain* These rivers, being 
the left-bank distributaries of the Ganges, there is some 
justification in including the area bounded by them within 
the deltaic plain*
Above the Rajmahal turn beig bends are formed by the 
Ganges but the channel shows braiding tendency* Below this 
point the bends are slight and it has a single narrow channel 
up to Giria where three islands appear in the channel* Be­
tween Godagari and Dumaria the banks of the Ganges consist 
of stiff clayey material, which yields little to the erosive
g
action of the river* The channel is fixed here and has not
^O'Malley, L* S* S*, Ra.lshahi. Bengal District Gazetteers 
(Calcutta! Bengal Secretariat Book Dept* 191&), p* 10*
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shown any signs of change for a long time, but near Rajshahi 
the sandy banks are easily washed away and. channel shifting 
is a usual phenomenon* From Rajshahi to Goalundo, bank 
caving and bar formation is constantly going on, but this 
process is considerably accelerated at high flood* The
swift current of the river is known to have washed away an
7acre of land in half an hour*
The average gradient of the Ganges is about 6*0 inches 
per mile* The valocity of the current varies from three 
miles an hour in the dry season to about six at flood times* 
At some places, as for instance, where the channel narrows, 
the rate of flow exceeds the average* The rise of water in
the main channel between the dry and the wet season is about
20 feet.8
Regarding the sedimentary material deposited by the
9river in its flood plain John Adam wrotet
"The soil, in general, seems to consist of 
a mixture of argillaceous earth and sand****
The only peculiarity in these ingredients 
of the soil is the great abundance of mica,
which, mingled in minute grains, often gives
a brilliant shining appearance to an ex­
tensive plain of sand, and is found to pre­
vail, more or less, on the banks in the 
whole course of the river."
^Ibid*, p* 10* 
dIbid., p. 10.
^John Adam, n0n the Geology of the Banks of the Ganges, 
from Calcutta to Cawnpore." Trans* Geol* Soc* London. V 
(1019), P.
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The Meghna* The flood plain of the Meghna-Surma River 
extends from the Shillong Plateau to Chandpur and between 
the Tripura-Chittagong ranges, in the east and the Madhupur 
Jungle in the west* It is a low-lying area very similar to 
the deltaic plains in many respects and remains under water 
during the monsoon months when the rivers overflow their 
banks* It is joined by the Old Brahmaputra and numerous 
clear-water streams coming out of the Sylhet jheels where 
they deposit most of their load* The eastern tributaries 
of the Meghna, rising in the Tripura Hills, have a short 
course and are responsible for supplying enough coarse 
material to the Meghna* As these streams enter the flood 
plain in south Sylhet, eastern Tippera and Noakhali districts 
they deposit alluvial cones which, being coalesced, have 
generally a flat profile* These cones are much less ex­
tensive than those of the Himalaya* streams in Ganges - 
Brahmaputra Doab*
STREAM PATTERNS.
Braided Patterns: The braided streams are the most
dominant type found in the flood' plains of Bengal and are 
the chief agent of valley aggradation* The proximity to the 
flood plains of the high mountains in the north, which are 
undergoing rapid erosion, is an important factor in determin­
ing the type and amount of the sedimentary load carried by a
1V7
braided stream like the Jamuna* Another aignlfioant factor 
is the annual distribution of rainfall* The Brahmaputra 
Valley below Sadiya* Assam has an average annual rainfall of 
68 inches* most of which is.received during the four rainy 
months*^ The Meghna-Surma Valley has a higher average and 
includes a considerable area south of Shillong Plateau where 
it is no less than 200 inches per year* but here too* as 
elsewhere* the long dry winter is well marked* As the result 
of concentration of rainfall to four monsoon months the 
volume of water carried by the rivers* as well as the velocity 
of their current is increased many fold and they bring down 
a huge amount of sedimentary load from.the mountains* most 
of which consists of sand* But during the dry weather when 
the discharge is at minimum the rivers are unable to trans­
port their enormous load and start braiding.
The conditions prevailing here can be contrasted with 
those found in the Alluvial Valley of the Mississippi River* 
The streams of the flood plain of the Mississippi Valley 
tend to meander. Between Memphis* Tennessee and Natchez* 
Mississippi where numerous cut-offs and ox-bow lakes are 
found* the Mississippi River displays a meander pattern in
10Majumdar* S. C«* Rivers of the Bengal Delta (Calcutta: 
University of Calcutta* 1942) * p* IJST
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11full development* As Fisk has observed; "Each stream 
maintains a highly sinuous course about the axis of which 
it constantly shifts to form meander loops and bends*1* The 
development of meandering pattern is however, comparatively 
a recent phenomenon, as during most of the past 20-30,000 
years braided streams were the principal agent of valley 
aggradation* Surface features of the parts of the flood 
plain and of dissected alluvial plain bear traces of braided 
drainage patterns* Ho large braiding stream in the flood 
plain of the Mississippi River exists today but small cre­
vasse streams which flow down the natural levees exhibit
12typically brading patterns*
The braided streams have flat or nearly flat transverse
profiles which are devoid of the deep, narrow depressions
13called thalwegs* Unlike a meandering stream which flows 
in a single simple channel, a braided stream is characterised 
by channel complexity*^ It occupies many channels which
11Fisk, Harold H*, Geological Investigation of the 
Alluvial Valley of the Lower Mississippi River (Vicksburg; 
Mississippi River Commission, 194k), P* 5*
12Harrison, Robert W*, Economic Significance of Land- 
forms in the Mississippi-. Alluvial Valley (Baton Rouge;
Bureau of Agricultural Economics, U* S* Department of Agri­
culture, Lithographed Circular No* 157, 1954), p* 18-19*
■^Gerard H. Matthes, "Diversion of Sediments at Branch­
ing Channels," Trans* Am* Geophvs* Union. XIV (1933), 507*
^^Richard J* Russell, "Louisiana Stream Patterns,"
Bui* Am. Assoc* Pet. Geol., XXIII (1939), 1199*
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entwine towheada of various shapes and sizes* The load of 
such streams exceeds their capacity* Only during the flood 
season when the velocity of the stream is increased as the 
result of an increase in the volume of water, it is able 
to transport its sedimentary burden* Then many towheads
15disappear and the river tends to occupy a single channel.
Meander Patterns: The meandering streams have deeper
channels and concave transverse profiles* They develop
thalwegs in their channels*^ A meandering stream occupies
a single channel except during the low flood stage when it
17may acquire certain characteristics of a braiding stream*
i
The capacity of meandering streams to carry material is
greater than they actually do* The excess of kinetic energy
of such streams is "expended in accelerated velocity, in
13turbulence and in eddies**1
Unlike the Brahmaputra and Meghna, the Ganges tend to 
19meander* Between Allahabad and Patna, in the Middle Valley,
15Ibid., p* 1200.
■^Matthes, op* cit*. p* 507*
17Russell, op. cit*, p* 1200*
IdMatthea, op* cit*, p* 507*
19James Pergusson, M0n Recent Changes in the Delta of 
the Ganges," Quat* Jour. Geol* Soc. London. XIX (1663), 32h* 
(Figures calculated from Fergussonvs table)
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it has 52 meanders of about k miles long and has a channel 
length of 313 miles to cover a straight line distance of 
216 miles* From Patna to Rajmahal the length of the river, 
which is 211f miles, exceeds the actual distance by 36 miles* 
Here the average length of the manders is about 10 miles* 
Further down, between Rajmahal and Rajshahi the river 
exhibits a reach condition with very slight bends but be­
tween Rajshahi and its confluence with the Jamuna it starts 
meandering again*
Fergusson2® offered a theoretical explanation of the 
meandering of the Ganges* He believed that Mthe extent oa* 
radius of the curves will be directly proportional to the 
slope of the bed of the river*M According to him a river 
with a uniform slope, of 10 feet per mile flowing in homo­
geneous alluvial soil has a nearly straight course* The 
meanders become more nearly circular and their radii de­
crease with diminishing gradient* A river with a slope of 
one foot per mile has meanders whose radii are twice those 
of a river which has a gradient of 6 inches*
He also indicates relationship between channel width 
and the length of the chords at low gradients* Thus at 3 
inches per mile the chords of the curves are four times 
the width of the channel, at 6 inches they are 6 times, and
20 I b i d . . p* 323*
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above one foot 10 to 12 time a* As Russell has pointed out 
••The Mississippi River pretty well disproves this idealistic 
concept* Its parabolic slope downstream should.be accompanied 
by decreased size of individual meanders* Some tendency 
toward this condition is evident, but it does not agree with 
Fergusson«s values at all closely**
LAND FORMS
The dominant land forms of the Lower Valley of the 
Ganges River are the alluvial cones and.the natural levees*
The Pleistocene tracts of the Barind and Madhupur Jungle, 
which are large bhangar islands in the predominantly khadar 
area, are two of the largest physiographic features in the 
Lower Ganges Valley*
Alluvial Conest Alluvial cones are associated with 
the aggradation activity of the Himalayan rivers west of the 
Brahmaputra, and with numerous small streams which enter the 
Meghna Valley from the Shillong Plateau or the Tripura Hills* 
The Tista, Jaldhaka, Torsa, Raidak, and Sankesh, all of which 
join the Brahmaputra, have out deep gorges in the Sikkim, 
Darjeeling and Bhutan Himalayas* As they enter Cooch Behar 
State, Jalpaiguri and. Rangpur districts their gradients are 
suddenly diminished and they deposit alluvial cones which 
extend in the direction of the rivers* The Mahananda 
Punabhaba, Karatoya-Atrai and other rivers which flow from
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north to south used to be the extension of the Himalayan 
river system before the diversion of the Tista. The alluvial 
cones built by these rivers during their active aggradational 
period are now subjected to erosion.
The Siwalik Hills which are found parallel to the
Himalayas in the Punjab and Uttar Pradesh are absent in
northern Bengal and the rivers debouch from the high valleys
in the Himalayan ranges onto the plains and deposit great
cones consisting of sand, gravel and boulders.21 As else.
where in Northern India, many streams disappear into the
coarse, porous material. The wet, marshy terai rone below
the bhabar, where the rivers re-appear on the surface is
well represented in northern Bengal and is called the Duars.
The Duars, which are found mainly in Jalpaiguri District,
consist of a narrow belt of about 2,000 square miles, one
quarter of which is still under forest, mainly sal, Shorea 
22robusta.
23Natural Levees: Pergusson believed that the natural
levees of the Ganges are formed as the result of deposition 
by silt-charged water of the river overflowing its banks.
21Spate, 0. H. K., India and Pakistan (London: Methuen 
fr Co., Ltd., 1954) p. 531.
22Ibid.. p. 532.
2 3 F e r g u s s o n , o £ .  c i t . . p .  3 2 4 -2 5 *
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The mmHmnm deposition, according to him, takes place at the 
point where the stagnant clear water of the back-swamp jheels 
checks the overtopping muddy water of the river* According 
to Fergusson»s explanation the crest of the natural levee 
should run in an irregular way and should have various ele­
vations depending on the level of the water in the back- 
swamp ijheels* In point of fact the natural levees have 
generally uniform height and continue irrespect of the level 
of water in the jheels* The deposition of the coarser 
material held by the river takes place immediately on the 
highest part of the banks where the water begins to overflow* 
The height of the natural levee indicates the difference 
of high and low stages of a river* Its width depends on the 
size of the stream* Wide levees, with comparatively gentle
gradients, are associated with large streams* Those of
24small streams are narrow and have a steeper backslope*
The broad natural levees of the Ganges can be contrasted 
with those of the Sitalakhya or any other small stream of 
the flood plain*
Describing the width of levees built by various streams
25in the Lower Mississippi Valley Fisk aayst
^Russell, ojg* cit* * p* 1210*
2*5F is k ,  o p * c i t * . p* 21*
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“Alluvial ridges of abandoned Mississippi 
River meander belts may be traced for 
miles from their position of divergence 
from the ridge along the present river 
course south of Cape Girardeau, Mo. They 
maintain the broad curvature associated 
with the Mississippi River, are from 10 
t.o 20 miles wide, and rise above the
flood basins 10 to 20 ft* Meander belt
ridges of tributary streams can also be 
traced on the alluvial valley surface*
Those of the Arkansas and Red rivers are 
the most extensive and maintain widths of 3 to 5 and 1 to 3 miles, respectively*«
The levee material shows much greater variation trans­
versely from the crest to the marginal depression than along 
the stream for hundreds of miles* The coarsest material
occurs at the top of the levee while the finest is found in
the back swamps.
Not enough information is available about the character 
of the natural levees associated with the floodplain streams 
of Bengal* It may be said, however, that the Ganges, which 
carries silt and fine sand, shows more characteristic de­
velopment of natural levees along its banks than any other 
major stream*
BHILS AND JHEELS
One of the most striking feature of the flood plains 
of the Ganges, Brahmaputra and Meghna is an abundance of
^Russell, R. J., Lower Mississippi River Delta (New 
Orleans: Dept* Conserv* Louisiana Geological Survey, Bui* 
No. 8, 1936), p. 77*
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low-lying depressions some of which are of considerably large
27size* Describing these jheels 0*Malley writes:
#Many dry up in the hot weather, but during 
the rains expand into broad but shallow 
sheets of water, which may be described as 
fresh water lagoons. Their appearance, 
however, varies greatly, for while some are 
clear and deep sheets of water, others are 
shallow swamps filled with grass and reeds 
growing so thickly as to be almost inter- 
matted. In some the surface of the shallow 
water is covered with lotus and other water 
plants, the flowering of which in the hot 
weather is a pleasant sight• **
Sylhet Jheels: Some of the largest and comparatively
deeper depressions were the Sylhet Jheels which have now 
been partially alluviated. According to Fergusson, when 
the Brahmaputra first occupied the channel east of the 
Madhupur Jungle, Mthey consisted of an immense tract of 
submerged country, covered with clean still water of no 
great depth...M The active filling of these depressions 
started with the turning of the Brahmaputra waters into 
these jheels. Numerous small streams flowing southward 
from the Shillong Plateau also contributed their sediments.
The Meghna and the Lakhya which flowed out of them to 
the south were clear water streams. The rivers of the Surma
^0»Malley, L. S. S. Pabna, Bengal District Gazetteers 
(Calcuttai Bengal Secretariat Book Depot.,' 1923), p. 3.
F e r g u s s o n , o p . c i t . ,  p .  331*
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Valley, the Surma, Kusiyara and others, which flowed west­
ward, were compelled to turn south by the waters of the
Brahmaputra which had already occupied the depression*
29Fergusson found the Sylhet Jheels and the Madhupur 
Jungles equal in area and suggested a possible connection 
between the elevation of the one and the subsidence of the 
other*
30Chalan Bhilt A feature similar to the Sylhet Jheels 
exists west of the Jamuna on the borders of Rajshahi and 
Pabna districts* Like the Sylhet Jheels which are situated 
east of the Madhupur Jungle, the Chalan Bhil is located 
southeast of the Barind* It is a low lying marshy tract 
with an area of about 100 square miles during the rains*
The Atrai River, which flows through the districts of 
Dinajpur and Rajshahi, is the chief contributor of water 
and sediments to the Chalan Bhil* Its principal outlet is 
the B&ral which carries its water to the Jamuna* The level 
of the adjacent country all around is above the depressed 
basin except at the southeast extremity where the Gurmani 
Khal flows out of it and joins the Baral, which affords a
29Ibid*. p* 329*
3® 0*M alley , P ab n a , o p * c i t * . p* 5 -6 *
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means of escape to its water* At flood times, however, when 
the level of the Brahmaputra rises the Baralfs direction of 
flow is reversed, as the result of which the bhil con­
siderably increases in size* During the dry season the 
water area of the Chalan Bhil is reduced to about 15 square 
miles* Like Sylhet Jheels, the Chalan Bhil is also being 
alluviated* According to the inquiry held by a special 
commission in 1909, 1910, and 1913 ascertain its area, 
it was found that the area of the bhil, which not too long 
ago was about 2*21 square miles, was then reduced to 11*2 
square miles, with dry season water area of only 33 square 
miles* It was calculated that the streams entering the bhil 
deposited 222*5 million cubic feet of sediments every year, 
while the Gurmani, Baral and other minor khals carried off 
53 million cubic feet of sediments. Thus a net balance of 
169*5 million cubic feet was deposited annually* A uniform 
distribution of these sediments over an area of 11*2 square 
miles w6,uld result in raising the level of the basin at the 
rate of half an inch per year*
In forty years, since the inquiry was held, the area of 
the bhil has been substantially reduced butthe rate of 
alluviation does not seem to be as rapid as suggested by 
the figures* A careful measurement of sedimentation rate 
is necessary to reach valid conclusions*
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Besides the Chalan Bhil, the lovrer part of the Ganges-
Brahmaputra Doab is dotted with numerous depressions of
various shapes and sizes, some of the larger ones are the
Gajna Bhil (4B square miles), Kuralia Bhil (IB square miles),
Dikshi Bhil (15 square miles), Sonapatila Bhil (14 square
miles), and Bara Bhil (12 square miles)*
Regarding the question how these depressions are caused
O'Malley^1 wrote:
"It is probable that the formation of these 
bils (bhils) is not due to one and the same 
cause* In some cases a string of them is 
found along a line of drainage, which sug­
gests that they represent the remains of 
some great river, which centuries ago 
deserted its channel and sought its course 
elsewhere* In other cases they are due to 
the action of the rivers, which by centuries 
of silt deposits have raised their beds and 
marginal banks ••• The country between a 
pair of parallel rivers thus forms a kind 
of trough, the drainage of which cannot be 
discharged into the rivers* The rivers again 
which would have filled them by the overflow 
of silt-laden waters cannot do so because 
they are locked within their channels by high 
silt formed banks*'1
Whether or not local subsidence is operative in this 
area, parts of which are apparently undergoing heavy accumula­
tion of sediments, is not definitely known* Besides the two 
possible causes of bhil formation, that these are the remments 
of the abandoned channel of a river or are the inter-levee 
depressions, as suggested by O'Malley, the possibility of 
subsidence tinder load is also worth investigating into*





It seems appropriate to begin & discussion of deltas 
with a definition* The term has been used in a variety of 
senses, as the result of which varying limits have been 
assigned by different writers to the deltas of the Missis­
sippi and Ganges rivers* The earliest use of the word goes 
back to the fifth century B*C* when the alluvial tract of 
land at the mouth of the river Nile in Egypt resembling the 
fourth Greek letter was designated as the ttdeltan by 
Herodotus* Subsequent study of many other rivers in 
different parts of the world revealed that the phenomenon 
observed and named by Herodotus was also common to them*
In course of time the term delta came to signify the fan­
shaped tracts of land built by. rivers at their confluence 
with a body of water —  sea, lake or a large river*
The significant elements of the original definition, 
as applied to the Nile Delta, are that (a) it is an alluvial 
region at the mouth of a river, (b) it is limited by the two 
outermost distributaries, and (c) it is now subjected to 
flooding and was formerly covered with.water*
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Some later geologists, however, not adhering to the
original definition, used the term in the sense of a body
of deposits rather than a r e g i o n E v e n  those who consider
it a region are not unanimous in following Herodotus as
regards assigning the limits to a delta*
2According to Sir Charles Lyell
."the head of a delta - - - is that point 
where the first arm is given off* Above 
that point a river receives the waters of 
tributaries flowing from higher levels; 
below it, on the contrary, it gives out 
portions of its water to lower levels 
through channels which flow into adjoin­
ing swamps, or which run directly to the 
sea*"
Lyell*s demarcation of the extent of deltaic area is 
similar to that of Herododus, but he also makes a distinc­
tion between the lacustrine and marine deltas on the basis
of the "organic remains which become imbedded in their
3 kdeposits*M Geikie*s definition is similar* He speaks of
the "successive layers of detritus, brought down from the 
land and spread out at the mouth of a river" and of "terres­
trial organic remains" as part of deltaic deposits* The
^Russell, R. J•, Lower Mississippi River Delta (New 
Orleans! Dept* Conserv* Louisiana Geological Survey, Bui*
No. 8, 1936), p. 3*
2Lyellf Sir Charles, Principles of Geology (New York:
D* Appleton and Company, 1^69)* Vol* I, 11th ed* p* 469*
3Ibid*. p. 412-13.
LGeikie, Sir Archibald, Text-Book of Geology (London! 
Macmillan and Co«, Limited, 1903), vol* I, 4th ed*, p* 514-15*
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deltaic portion of a river, according to Geikie* is 
characterized by the distributaries as against the tribu­
taries in its upper course* The distributaries have a 
low gradient and very feeble current* as the result of 
which such of the sediment is deposited on the bottom of 
the river} hence* channel shifting and abandonment of 
courses is a common phenomenon in the deltaic region*
Thus in his definition of delta Geikie Includes the nature
i  *,
of the deposits as well as the hydrographic characteristics 
of the region* Like Herododus he would demarcate a delta 
from the point where the river "begins to split up into 
branches*tt Salisbury places the head of the delta at the 
"up-stream border of the land reclaimed - from the sea or 
lake by river deposits*"^ He thinks that the definition 
limiting the delta up-stream at a point where the river 
begins to split into distributaries is arbitrary though 
convenient* According to his definition* which he con­
siders "less definite* but perhaps truer" the areas of many 
deltas would be considerably increased*
^Salisbury* Jtollin D* * Physiography (Hew York: 
Henry Holt and Company* 1926)* 3rd* Ed.* p» 173*
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Barrell defines delta Maa a deposit partly subaerial 
built by a river Into or against a body of permanent 
w a t e r . H e  makes a distinction between the terrestrial 
and marine strata of a delta on the basis of the mode of 
sedimentation* The marine strata which form the lower and 
outer parts are deposited in the sea water, while the 
terrestrial strata which form the upper and inner surface 
of land are laid down on the land above or near the sea 
level*
Trowbridge agrees with Barrell in considering a delta 
a body of rook* According to his definition, delta con­
sists of "those sediments that are deposited by rivers
7under conditions that exist at and near their mouth*M
These examples and others show that there are two 
basic approaches toward defining a delta* According to 
one, a delta is an area of land which can be distinguished 
on the basis of its characteristic surface features and 
the depositlonal processes which play a significant part 
in delimiting its extent* The second approach, which deals 
with the arrangement of marine and terrestrial strata, is 
closely linked up with the larger question of delta 
structure* Given certain conditions, an idealistic
6j« Barrell, "Criteria for the Recognition of Ancient 
Delta Deposits," Bui* Geol* Soc* Am*, XXIII (1912), 361*
?Arthur C. Trowbridge, "Building of Mississippi Delta," 
Bui* As* Assoc* Pet. Geol** XIV (1930), 868.
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arrangement of deltaic strata can be conceived but, as 
observed elsewhere, the failure to take cognizance of the' 
subsidence factor, which is a commonly observed phenomenon 
in large deltas of the world, tends to make the picture 
unrealistic*
& 9Following Herodotus, Russell, and Bagchi, we can
define a delta as an alluvial tract of land bounded by the 
outermost distributaries of the main river and built by 
its deposits into a body of water*
ESSENTIAL FEATURES OF A DELTA
The very nature of processes operating in deltaic 
region is such that it is impossible to conceive it as 
static or permanently fixed* Changes in the position and 
extent of a delta are brought about by shifts in the 
position of rivers* In the deltaic stage, when deposition 
exceeds scouring, rivers cannot confine themselves in the 
same channel.for a great length of time* Considerable 
amount of sediment passed on to a distributary from the main 
river tends to raise the bed of the stream higher by con­
stant deposition* A heavy flood might make a distributary
dRussell, op* cit•, p* 3-if*
^Bagchi, Kanangopal, The Ganges Delta (Calcutta! 
University of Calcutta, 1944), p* 6*
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break through its natural leree and change its course, 
occupying the adjoining low-lying area. The limiting dis­
tributaries may thus vary their courses and change the 
position of the delta. It may increase in its seaward 
extent because of rapid outbuilding or diminish due to 
excess of wave erosion or subsidence over deposition. 
Sometimes a bifurcation of the channel upstream may result 
in the abandonment of the old delta in favor of a new 
location. The diversion of the Ganges from its Bhagirathi 
channel to the Meghna Estuary in pre-historic times opened 
up a new outlet of the river 175 miles removed from the 
old one. The typical example of such diversions is fur­
nished by the Hwang-Ho River of China which is noted for 
its changing courses north and south of Shantung Peninsula. 
In 1652 the river mouth was shifted into the Gulf of 
Chihli, almost 300 miles north of its old mouth in the 
Yellow sea. In 1938 the river assumed its old course but 
in 191*7 it was artificially diverted to the Gulf of Chihli. 
The Mississippi River shows a tendency to divert into.the 
Atchafalaya River, which has a shorter and more direct 
course to the sea. Examples of similar diversions up­
stream may be found in many deltas of the world.
The term "deltaic plains" is employed to designate
10the alluvial tracts formed by delta succession. As shown
^Russell, op. cit., p. 6.
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11by Barton* the deltaic plain Nis composed of a series of 
more or less coalescing.deltas and therefore consists 
initially of series of natural levee ridges and interlevee 
basins*11 It includes the active delta* a section where 
alluviation is most active* as well as those parts which 
have been at one time the active deltas but are no longer 
so as the result of changing position of the main distribu­
tary systems* The deltaic plain of the Ganges* stretching 
from the Bhagirathi to the Meghna Estuary* has been formed 
as the result of the eastward swing of the Ganges waters 
from one distributary to another* shifting the locations of
i i
delta-building activity in that general direction* The
deltaic plain of the Mississippi River extends from Pearl
River to the Vermilion for a distance of 150 miles*
Howell*s term subdelta* applicable to **the land
associated with a branch work of adjacent passes*1* has been
12adopted and extended by Russell* According to him a 
region associated with a channel and its distributaries 
which have been active for a long time is a subdelta of 
the first order* while the land built around individual
*^D* C* Barton* **Deltaic Coastal Plain of Southeastern 
Texas *•• Bui. Geol. Soc. Am., XLI (1930), 376.
^2Russell, op. cit*. p* 12*
passes may be called - a Aubdelta of the second order* 
Examples of the two orders of subdelta are numerous in the
1*3deltaic plains of the Mississippi River* Bagchi has 
enumerated five stages'* of delta building in Bengal where 
the lands associated with the Bhagirathi, Bhairab, 
Matabhanga, Arial Khan and Garai successively became the 
site of active delta building* Each one of. these is a 
subdelta of the first order* The loading of the earth*s 
crust by sedimentary accumulations in a delta leads to 
local down-warping* In an active subdelta where alluvia­
tion exceeds subsidence land building may and generally 
does occur* but the old subdeltas which have been abandoned 
by the main stream or its active distributaries are dotted 
with numerous low lying areas occupied by lakes, lagoons 
and marshes* Such.depressions created by subsidence are
' lit.called the "delta flank d e p r e s s i o n s * T h e  delta flank 
depressions are a common feature of most deltas of the 
world* The deltas of the Nile, Rhine, Rhone, Hwang-Ho, 
Mississippi, and many other rivers exhibit characteristic 
delta flank depressions associated with them* On the east 
of the Mississippi River are the lakes Maurepas, Pontchan- 
train, and Borgne and the Mississippi Sound* On the west
^Bagchi, fig* cit.. p* 50-71*
^Russell, oj>. cit*. p* 7-9•
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of the river are bays extending from Bar&taria to Vermilion* 
Further inland are numerous lakes, swamps and marshes*
These are the delta flank depressions* In the Ganges delta 
there is a well defined chain of brackish-water marshes 
stretching from east of Calcutta to -Barisal north of the 
Sundarbans* Locally the terms bhil and Jheel are applied 
to these depressions of various sizes, which are known to 
have been enlarging since Rennell's time*
The physiography of a deltaic region is not much 
different from that of the flood plain* In the upper part 
of a valley the river receives tributaries. The angle of 
the V»s formed by the tributaries joining the river point 
down-stream* In the deltaic plain, on the contrary, the 
gradient of the riyer becomes so small that it begins to 
give off distributaries* The angles of bifurcation make 
V *8 pointing up-stream*
The natural levees mark the most important feature of 
the deltaic as well as the flood plain topography* They 
are alluvial ridges which slope gently from their crests .to 
the back swamps in the direction away from the river* In 
the deltaic region the natural levees are associated with 
each of the main distributaries of the river* The height 
and width of the levees gradually decrease toward the sea* 
The natural levees extend downward considerably below the 
surface as the result of their subsidence due to ever
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increasing pressure of accumulating silt* In the marshes, 
however, where the subsidence is greatest, the levees may 
be completely below the surface* They continue to be 
formed even under the water when the silt discharged through 
a pass is deposited on the two sides flanking the active
current.^ .
STRUCTURE
As a river enters a lake or a sea the velocity of its 
current is wholly or largely checked and the sediments 
transported by it are finally deposited* As Gilbert^ has 
pointed out, the capacity and competence of a stream to 
transport detritus is the function of the velocity of its 
current* A swift stream is both capable of carrying a 
larger amount of fine material and is competent to trans­
port material of greater coarseness than a slow stream*
The vertical and horizontal growth of deltaic deposits at 
the mouth of a stream indicates the dominance of the con­
structive depositional processes over the destructive 
effects of waves, current and tides* Consequently, the
*^R* j# and R* D* Russell, MMi8sissippl River Delta• 
Sedimentation," Recent Marine Sediments. Am* Assoc* Pet. 
Geol*. (1939)# 161-62.
^ G »  K* Gilbert, "The Topographic Features of lake 
Shores," J£* fi* Geol* Surv. Ann. Rep* V (1665), 101f.
II
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deltas hare a better developmental environment in ft' body of 
water which is relatively free, from these movements* Some
i
of the large deltas have been formed in lakes or enclosed 
seas* Thus the deltas of the Nile and Rhone have been built 
in the Mediterranean Sea, and .those of the Danube and Volga 
in the Black and Caspian seas, respectively* The extensive 
delta of the Mississippi River is built in the Gulf of 
Mexico* The delta of the Ganges River* on the other hand* 
is a conspicuous example-of a large delta — in fact one of the
r
largest in the world -»being formed in the face of considerable 
tidal action*
17To Gilbert we owe our knowledge of the structure of 
what he called the “normal** deltas formed in lakes* He 
studied and described the shore features‘of Lake Bonneville*
The drop in level of the lake to the extent of about a 
thousand feet has exposed many deltas which were built by 
the streams entering it* The entrenchment of the streams* 
due to the increased gradient through these deltas* offered 
a good opportunity to study the vertical cross-section of 
the deposits*
Gilbert described three sets of beds which characterise 
the structure of small deltas fomed in lakes* These are 
often referred to as bottom-* fore-* and topset beds*
^Gilbert* ££. cit*. p* 10i*.-lG6.
G* K* Gilbert* “Lake Bonneville*** U* §>• Geol. Surv..
Mon I (1S90), 66-70* ~
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The botfcftwiMftfr. bed^i The bottomset beds consist of the 
lowest and outermost beds of fine material* The coarser and 
heavier part of the detritus is deposited near the foot of 
the delta face while the finer and lighter material can be 
carried under suspension for considerable distance from the 
delta face by the stream current• The bottomset beds are 
deposited horizontally with diminishing thickness and in­
creasing fineness outward* In the case of marine deltas 
these beds "do not differ in any easily recognizable way
from those deposits of similar depth where waves arid cur-
16rents have prevented the formation of a delta* "
The foreset beds: The steep foreset slope of the
delta face is.built by heavy deposition of the coarse 
material, much of which cannot be transported under sus­
pension* The inclination of these beds, approaching an
angle of 25° in the extreme case, largely depends on the
19coarseness of the material* As Barrell has pointed out, 
the foreset beds develop characteristically when a swift 
flowing stream carrying coarse material enters a body of 
water* but if, as is the case with many large rivers, the 
detritus discharged by a stream consists of finer particles, 
"the foreset beds are built largely by material settling 
from suspension**1 In that case there is little distinction
^Barrell, op. cit*. p* 365*
19Ibld.. p. 385.
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between the foreset and the other two sets of beds* The 
grading of the foreset bed Into the bottomset beds Is 
gradual*
The topset beds: These are very gently Inclined* al­
most horizontal* beds deposited -on the top of foreset beds* 
The Inclination of these beds conforms to the minimum 
gradient required to allow the flow of the distributary 
streams* Due to processes like overflowing* shifting* and 
bifurcation of channels*, there is comparatively uniform 
distribution of sediments* and the plain thus built has 
approximately a conical form with gradient decreasing from 
the apex of the delta* The topset beds consist of the same 
material as foreset beds* The discrimination is essentially 
based on the inclination of the strata rather than on 
lithology* Barrell has attempted to subdivide the topset 
beds into subaqueous and subaerial.plains* separated by a
narrow transitional shore face and littoral zone* on the
20basis of marine and non-marine organisms*
The idealistic concept of delta structure, as presented, 
by Gilbert* has found favor with many geologists* and Nunder 
certain assumptions as to delta form and growth and from 
the standpoint of strict logic it appears that the structure
20
B a r r e l l*  o n * c i t * . p* 3 8 6 -0 7 *
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2 1of* a delta might be dominated by beds of these types.N
However, It cannot be supposed that the pattern of deltaic
22structure as observed by Gilbert and Lawson in lakes will
repeat itself under varying.conditions of deposition.
Factors like sediment sise, depth of the water body, strength
of the waves, off-shore currents and tides in oceans, and
subsidence of the earth's crust might produce a variety of
conditions, greatly different from those imagined to
describe the idealistic delta structure.
To describe a conventional delta structure it is assumed
that the deposits are laid down in a stable basin and the
growth of the delta is proportional to the total volume of.
sediments discharged by a river. "In large deltas, however,
subsidence becomes a determining factor, producing a delta
structure consisting chiefly of superimposed surficial 
23patterns.N The natural levee patterns, built by the 
deposits of the coarse material of the river, are produced 
one after the other on new surfaces as they sink down below 
marsh or bay under continued subsidence. Russell^ has
21Russell, Lower Mississippi River Delta, p. 9.
OpA. C. Lawson, "Mississippi Delta - A Study in 
Isostasy," Bui. Geol. Soc. /m.,LIII (1942), 1234.
23Russell, Mississippi River Delta Sedimentation, p. 173. 
^ Ibid.. p. 173.
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compared the delta structure thus produced with a "pile 
of roughly superimposed leaves, the veins of all but the 
top leaf representing natural levees of earlier streams • ••*•
The structure of the Mississippi River is probably a 
type example of the structure of the large deltas of the 
world* More than a hundred thousand oil wells drilled in 
the Gulf Coast have made it possible to study the structure 
of the Mississippi Delta in detail* It has been found that 
"the unconformable relationship one might expect to find 
between topset and foreset beds* is absent in the Mississippi 
River Delta;2** on the contrary it shows a geosynclinal 
structure* It is common knowledge that the subsidence of 
deltaic masses is a phenomenon observed in all great deltas 
of the world* The growth of a delta, therefore, is not 
only outward but also upward and downward* The downward 
growth is decidedly the most important* The work of 
Barton,2^ Russell, ^  and others has shown that the depth of 
sediments in the Gulf Coast Geosyncline exceeds 30,000 feet* 
The Ganges Delta, despite the enormous sedimentation, has 
not shown any seaward extension during the last two centuries*
25Ibid*. p. 173*
^ D* C* Barton, C* H* Ritz, and Maude Mickey "Gulf 
Coast Geosyncline,1* Bui* Am* Assoc* Pet* Geol*, XVII (1933), llfJ*6.
27R* J* Russell, “Quaternary History of Louisiana,*
Bui • Geol • Goc,* Am*, LI (19^0) , 1229•
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This cannot be fully explained without considering the 
subsidence factor which Is substantiated from other evi­
dence also* Thus the structure of a large delta is 
fundamentally different from a small-scale lacustrine 
delta* Subsidence under load is the key to the understand­
ing of conditions obtained in all large deltas*
THE MISSISSIPPI DELTA 
26As pointed out by Hilgard, the Mississippi Delta 
is not a typical one with respect to its shape* Instead 
of being similar to the Greek letter delta it consists of 
long narrow belt of land which projects into the gulf and 
breaks up into finger like extensions*. It is sometimes 
called a "bird foot delta*H
The deltaic plain of the Mississippi River, however, is
not confined to the present Balize subdelta or the narrow
belt of land referred to by Hilgard* On the contrary it
extends in a great fan to the gulf* The area assigned to
the Mississippi Delta has been differently extimated by
various authors*
29Hilgard placed the head of the delta at Keokuk, while 
Reclus^0 and many other writers included the land associated
2**E. W. Hilgard, "Exceptional Nature and Genesis of the 
Mississippi Delta,** (abstract), Bui* Geol. Soc* Am*,XVII 
(1907), 731.
29e* W* Hilgard, **0n the Geology of Lower Louisiana and 
the Rook Salt Deposit of Petite Anse,** (Abstract), Am. Jour. 
Sci*, 2nd ser* XLVII (1669), 66*
3°Reclus, Elisee, The Earth (New York: Harper and Bros*, 
1871), p. 349*
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with various passes only within the delta* Between Keokuk 
and the Head of Passes the delta head has been placed at
St* Louis, Cape Girardeau, Commerce, Mouth of the Red River
01and Baton Rouge* If,, like Herodotus, we define the 
Mississippi Delta as an area below the point where the 
first distributary of the river branches off, the head of 
the delta could be located near the junction of the Red 
River, where the Mississippi discharges through the Old 
River some' of its waters to the Atchafalaya, which now is 
the most important distributary. Lyell defines the Missis­
sippi Delta "as that part- of the great alluvial plain which
lies below, or south of the branching off the highest arm
ooof the river, called the Atchafalaya* . Humphreys and 
Abbot, Trowbridge, Russell, and others also consider this 
point as the upper end of the delta*^3 The Mississippi 
Delta, therefore,
3-*-Russell, Lower Mississippi River Delta, p* If*
32Charles Lyell, "On the Delta and Alluvial Deposits 
of the Mississippi, and Other Points in the Geology of 
North America, Observed in the years lBlf5-lf6*M Am* Jour* 
2nd ser. Ill (lBif7), 3b*
^Humphreys, A* A, and Abbot, H* L*, Report upon the 
Physics and Hydraulics of the Mississippi River: etc* 
(Washington: Government Printing Office, 16o7)• P* 197*
A* C* Trowbridge, "Building of Mississippi Delta*" 
Bui* Am* Assoc* Pet* Geol*, XIV (1930), p* 669*
Russell, Lower Mississippi Delta, p* If*
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*ls bounded westward by Old River, the 
Atchafalaya, Teche and Vermilion; east­
ward by Bayou Manchac, the Amite, and 
the lakes extending from Maurepas to 
Mississippi Sound.•• The northern limit 
is rather complex west of the Atchafalaya 
and follows Bayou des Glaises, Bayou 
Rouge, Bayou Huffpower, and Bayou Boeuf, 
in the vicinity of Bunkie.»*34
THE GANGES DELTA
The extent of the Ganges Delta has been differently 
estimated by various writers. Some of the opinions regard­
ing the demarcation of its boundaries have been briefly
*reviewed in the following lines:
351. Sir Charles Lyell considering the point of 
stream forking as the head of a delta, believed that the 
"Delta of the Ganges and Brahmaputra,w being the combined 
delta of two great rivers, has two delta heads instead of 
one. One of the heads, according to him, is the point where 
the distributary Bhagirathi takes off from the Ganges. It 
is about thirty miles below Rajmahal and 216 miles in a 
direct line from the sea. The head of the Brahmaputra Delta 
is 224 miles from the sea at the point where the present 
Brahmaputra flows into the Jamuna channel instead of the
^^Russell, Lower Mississippi Delta, p. 4*
35Lyell, Principles of Geology. Vol. I, p. 466.
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Old Brahmaputra* The delta of the combined rivera, thus 
demarcated by Lyell, Includes north of the Padma, not only 
the Ganges--Brahmaputra Doab and the Meghna-Brahmaputra 
Valley, but also the Pleistocene terraces— -the Barind, 
Madhupur Jungle, and Lalmai Hills* The inclusion of eastern 
Bengal within the delta is apparently due to incorrectly 
considering the Old Brahmaputra channel as the distributary 
of the main river* The oirterlon for including north Bengal 
within the delta is by no means clear, but probably the
splitting of the Himalayan rivers into numerous branches
> *
when passing over the Barind tract, as shown in Rennell*s 
map, is considered enough reason to extend the delta that 
far inland* On the one hand, Lyeli has failed to appreciate 
the distinction between the Ganges Delta and the flood plains 
of the Brahmaputra and the Meghna, and on the other, between 
the alluvial cones of the mountain streams and the delta*
The inclusion of the definitely hilly Madhupur Jungle within
the delta limits is beyond any explanation*
362* According to Tax, the "deltaic portion begins a 
little below Rajmahal and close to the ancient town of Gaur, 
now in ruins, where the first distributary, the Bhagirathi, 
which lower down becomes the Hoogly River of Calcutta,
3^Fox, C* S*, Physical Geography for Indian Students, 
quoted by Bagchi, The Ganges Delta, p* 6.
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leaves the main stream* Such new channels naturally tend
to form secondary deltas of their own, and It is In this
manner that the Ganges Delta in Bengal has been formed*n
Thomas Oldham3^ had earlier expressed similar views on the
extent of the delta* They agree on the Bhagirathi River
and the Meghna Estuary being the western and eastern limits
of the delta respectively* Fox, however, draws an arbitrary
line from Rajmahal to the southwest oorner of Shillong
38Plateau delimiting the delta on the north* As Bagohi has 
pointed out, this line cuts across the alluvial cones of 
north Bengal rivers and, therefore, cannot be considered the 
true northern boundary,
3* Chatterjee*s^ Ganges Delta is an "island triangular 
in shape*" Its apex is the point where the Bhagirathi leaves 
the Ganges and the Bay of Bengal is the base* On the west 
and the northeast, it is bounded by the Bhagirathi and Padma 
but the eastern limit is marked by the channel of the Garai- 
Madhumati distributary* Chatterjee has excluded Faridpur 
and Bakargantf districts from his delta for reasons not so 
easy to determines In fact, this is the area where the delta 
building processes are most active at present*
^Thomas Oldham, quoted by Bagchl, gg* cit*, p, 8* 
36Ibid.. p. 10*
39g. C. Chatterjee, "Romance of the Rivers of the 
Gangetic Delta," quoted by Bagehi, o p * cit* p* 10*
iso
404* Radhakamal Mukerjee takes the administrative 
boundary of Bengal as the western limit of his "Old Delta" 
while he inoludes the whole province east of the Jamuna in 
what he calls the "Hew Delta*" This peculiar demarcation 
of "Bengal Delta," being entirely arbitrary, is without any 
merit and needs no further consideration*
5* Strickland*a^ definition of the delta is based 
upon his recognition of the fact that the alluvium in the 
upper part of the valley, though first deposited by the 
overloaded streams, is subjected to erosion; while in the 
lower part of the valley new land is being built up by con­
tinuous aggradation* He calls the point of intersection of 
two successive profiles of a valley the "apex of accretion*" 
Above "the apex of accretion" the surface of alluvium is 
ever becoming lower than before, while the land is being 
raised below this point*
"This distinction would seem to afford a 
means of defining the word delta; only the 
tracts where the land is becoming store and 
more elevated slight be called the Delta • • •
But an objection to this proposal, that any 
point marking the limit of lahd-elevation 
should be considered to be at the apex of the 
delta, is that the point is shifting one * * *
One can in fact state generally that, with the 
lapse of time and as the profile of the water
4 0 Makerjee, Radhakamal, The Changing Face of Banpal 
(Calcuttat University of Calcutta, 193d), p* 110*
^Strickland, C*, Deltaic Formation (Calcutta} Longmans, 
Green & Co*, Ltd*, 1940J, p* 1-10*
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course becomes flutter, the apex of 
accretion ever sores seaward."
LOHe rejects Fergusson»s suggestion that the gradient
of the rivers can be taken to indicate their processes. 
Fergusson had set a gradient limit for depositing streams.
The delta, according to this criterion, would be a tract of 
land where the gradients of rivers are less than six inches 
per mile. Strickland says that due to erosion in the upper 
part of the valley and deposition in the lower, the gradients 
are becoming smaller up-valleyj but as the "apex of accre­
tion" moves seaward erosion will predominate above this 
point even though the gradient is considerably reduced. 
Strickland finds the definition of delta as a region within 
which the rivers give off distributaries unsatisfactory, 
because "as the general profile of the land ever becomes 
flatter, that character pari passu is seen to develop 
farther and farther inland..." Finding it "impossible to 
define satisfactorily the term Delta" he proposes the terms 
"Paradelta" and "Delta" to denote the areas; of erosion and 
deposition respectively* Strickland's delta, therefore, is 
an "area of transcendent deposition in contradistinction 
from that of corrasion."
LZJ. Fergusson, "On Recent Changes in the Delta of the 
Ganges," Quat. Jour. Geol. Soo. London. XIX (I863), 328.
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Strickland is correct in drawing a distinction between 
the areas of erosion and deposition* Unlike Lyell, Makerjee, 
Fox, and others> he does not include the alluvial cones and 
the Pleistocene terraces of the Ganges— Brahmaputra Poab 
and the Meghna-Brahmaputra Valley within the Ganges Delta*
His Narea of transcendent deposition*1 however, includes 
considerable parts of the flood plains of the Ganges, 
Brahmaputra, Meghna, and others*
His theoritical deduction that the areas of erosion are 
constantly encroaching upon the areas of deposition due to 
seaward shifting of new apex of accretion, is based on the 
assumption that the level of land in the deltaic regions 
is being railed to the extent suggested by the deposited 
material, which in the case of the Ganges Delta is enormous* 
He fails to take into account the characteristically deltaic 
phenomenon of subsidence coinciding with the areas of heavy 
accumulation of sediment and of possible upwarping of land 
further inland* There is sufficient evidence in Bengal 
that subsidence and elevation have both occurred*
His objection to all criteria (including his own) for 
the delimitation of the delta, is that they utilise a 
**dynamic point for definitive purpose: what would be *Delta* 
today would not be tomorrow, albeit today and tomorrow be 
separated by an aeon of time*** His search for a definition 
which could be applicable to a static concept of a delta is
16k
apparently due to a lack of appreciation of the significant 
fact, observed in all major deltas of the world, that Mthe
1*3position and extent of a delta varies from time to time* "
0
The bounding streams may change their positions and 
the bifurcation point (marking the apex of a delta) may 
shift back and forth mostly depending on many local factors, 
like floods, channel silting, crevassing, subsidence, etc*
He is probably right in believing that the stream gradient 
is not the only criterion in determining the extent of a 
delta, though it is true that the deltaic streams have a 
characteristically low gradient* Nor is it correct to say 
that the areas of deposition are co-extensive with a delta 
in spite of the fact that aggradation is a predominant 
process in the deltas*
6* Bagchi^ separates the non-deltaic areas from the 
deltaic ones on the basis of structure, hydrography, origin, 
and landforms* He points out that the tract west of the 
Bhaglrathi cannot be called deltaic as it consists of the 
plateau escarpment and the piedmont plain built by the 
western tributaries of the Bhaglrathi*
L3Russell, Lower Mississippi Delta, p* 5*
IiIlBagchi, 02* cit*. p. 6- 36*
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Also, the regions between the Ganges and Brahmaputra 
and the Brahmaputra and Meghna, largely consisting of 
alluvial cone deposits, cannot be included within the 
delta of the Ganges River. The sub-montane region and the 
coastal plains of the districts of Tippera, Noakhali, and 
Chittagong are also outside the delta. According to 
Bagchi,
♦•the area between the Bhagirathi and the 
Meghna (i.e., the combined waters of the 
Ganges and the Meghna) is the only region 
bounded by the distributaries of a river, 
where physiographic and hydrographic 
characters constituting a delta are dis­
tinctly observable.H
The Ganges Delta, therefore, is a triangular tract of land
with its apex at Gaur (22*° 1*0• N. Lat., 88° £ Long.) and
its base the Bay'of Bengal. Bagchi*s demarcations seem
generally acceptable, except that the present writer feels
inclined to include within the deltaic plain a narrow tract
of land on the left of the Padma River bounded by the Baral
and the Dhaleswari-Burhi Ganga. To define a delta as the*
region bounded by two outermost distributaries it seems 
necessary to consider the Baral and Dhaleswari as the limit­
ing streams because the former is the outermost left-bank 
distributary of the Ganges and the latter that of the 
Brahmaputra. The Baral takes off from the Ganges near 
Charghat, flows parallel to the river, and the joins the 
Brahmaputra. The Dhaleswari branches off from the Jamuna
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a little north of the point where the Baral enters it* It 
also flows parallel to the Padma and enters the Meghna south 
of Munshiganj. The Baral and Dhaleswari , though now sepa­
rated by the Jamuna, mark a continuous line of flow which 
probably represents the old course of the Ganges itself*
The slope of this belt of land, included within the deltaic 
plain by the above mention distributaries, is in the same 
direction as that of the Ganges, while the land north of 
the Baral and Dhaleswari slopes from the north to south*
CHAPTER VII 
SURFACE FEATURES OF THE GANGES DELTA
RIVERS AND KHALS
The hydrography of the deltaic plain of Bengal, with 
its most intricate patterns of rivers and khals, defies a 
simple description* Numerous distributaries of the Ganges 
flow roughly from north to south* Each one of these has 
its own system of branching channels— often called re­
distributaries— which sometimes run into the distributaries 
of an adjoining khal and reverse the direction of flow*
The continuous conflict between the major rivers is* in 
most cases, expressed in capturing the cross channels and 
khals of a weaker river by the stronger* The most effective 
factors controlling the river patterns in the upper, middle 
and lower sections of their courses respectively are the 
degree of connection with the Ganges, the effect of subsi­
dence in the belt of jheels and bhils, and the strength of 
the tidal currents*
The Bhaglrathit The Bhaglrathi is the westernmost 
distributary of the Ganges- and marks the limit of the 
deltaic plain* It branches off from the river a few miles 
north of Giria and flows parallel to it for about five miles* 













generally elongated In the direction of flow and less than 
a mile in width but with ererchanging shapes and positions 
from year to year* About two miles north of Jangipur the 
Bhagirathi takes a southerly course and meanders down to 
Azimganj below which it forms a straight reach (the 
Murshidabad reach) for about 17 miles* South of the 
Murshidabad reach it has a sinuous course with beautifully- 
formed meanders and cut-off lakes* up to Tribeni (25°N*lat.). 
Further down is the long Calcutta reach with only two slight 
bends near Naihati and Barrackpore* At Calcutta* which is 
situated at the southern end of the reach* the river takes a 
turn to the west and then flows south to the Hoogly Estuary* 
This segment of the river again shows a meandering tendency* 
though the meanders are not fully developed*
The banks of the Bhagirathi are typical of a meandering 
stream* The cut-banks are steep while the convex banks on 
the opposite side* being subjected to bar formation* slope 
gently to the river* There is* however* a considerable 
stage variation especially in the upper part of the river*
For four months of the year* when the rise in the waters of 
the Ganges allows considerable flow into the Bhagirathi* it 
carries enough water to suit the sise of its channel; but 
for the rest of the year its intake from the Ganges is almost
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negligible* It is then reduced to & small thread of 
current wandering its way through a wide expanse of silt 
and sand* The volume of water, however, gradually in­
creases downstream as the result of contributions from 
the right-bank tributaries and from the local drainage 
lines*
The Jalangi: Another distributary of the Ganges is
the Jalangi, which flows between the Bhagirathi and the
Bhairab* It takes off from the parent stream above the
2village of Jalangi and flows in a southwest direction* It 
receives water from another offshoot of the Ganges, the 
Sialmari, which leaves the river opposite Rajshahi and flows 
to the south* The Gobra Nullah, a branch of the Bhagirathi, 
used to contribute its waters to the Jalangi before it was
disconnected by the artificial levee built on this section
3of the Bhagirathi bank* The Jalangi is a highly meandering 
stream* After its confluence with the Sialmari, it has a 
southerly course upto Krishnagor, where it turns west to 
join the Bhagirathi*
^O'Malley, L* S* S*, Murshidabad» Bengal District 
Gazetteers (Calcutta: Bengal Secretariat Book Depot* 1914), 




The Bhalrab: The Bhairab leaves the Ganges opposite
Rajshahi at a point which lies between the two off-takes of 
the Jalangi* It flows in a southeasterly direction until 
it meets the latter* The two rivers have a common channel 
for some distance* The contribution of the upper Jalangi 
being insignificant, the Bhairab divides its waters into 
the Jalangi and the lower Bhairab, which leaves the Jalangi 
channel and flows in southeasterly course to the Haringhata 
Estuary*
In 16?lf the upper channel of the Bhairab, which had 
earlier deteriorated, was forced open, by a heavy flood, 
at its intake from the Ganges* Since then the channel of 
the Jalangi began to close up above their confluence, and 
the Bhairab is now the distributary by which the Jalangi 
obtains its main supply from the Ganges*
The course of the Bhairab consists of the deformed 
meanders of various shapes and sizes, and the straight 
reaches, which become more frequent and longer as the river 
approaches the coastal marshes*
The Matabhanga: Another important distributary of the
Ganges is the Matabhanga which has a common off-take with 
the Jalangi* Comparatively it is a short stream, but its. 
significance lies in the fact that its distributaries con­
tribute water to the Bhairab system on the west and the 
Garai-Madhumati system on the east* Together with a couple
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of Its right-bank distributaries it joins the Bhairab which, 
thus reinforced, sends off numerous distributaries, some 
of which from west to east are the Xchamati, Betna, Kabadak,
which contribute to the Garai-Madhumati system are the Kumar, 
Nabaganga and Chitra. They flow in a easterly direction 
parallel to each other, when the Kumar, the northernmost of 
these distributaries, turns due south and collects the 
waters of the other two before it joins the Madhumati* In 
recent years the Nabaganga and Chitra have lost connection 
with the Matabhanga, except at flood times, and now serve 
as local drainage channels for the neighboring areas*
The Garai-Madhmnatl: Further to the east is the Garai- 
Madhumati River, a great distributary of the Ganges, which 
branches off from the parent stream near Kushtia* In the 
upper section of its course it is called the Garai, while 
in the lower it is referred to as the Madhumati* The 
Haringhata Estuary is the joint outlet to the sea for the 
waters of the Garai-Madhumati and the Bhairab* The Garai 
is joined by the Chandna River, a distributary of the Ganges, 
which used to be a river of considerable sixe in Rennell's
Ittime, but has since deteriorated*
Benga „ .,
p« 262#
and Bhadra* The left-bank distributaries of the Matabhanga
.al Gaxetteer of India, Provincial Series
It has a few reaches in its upper course through 
Kushtia and Jessore districts, and there is one near the 
Khulna-Jessore boundary, but it meanders freely fbr the 
rest of its course, much more to the south than any other 
river of the delta* It is one of the active distributaries 
of the Ganges and does not lose connection with the river 
even at the lowest stage* Unlike the land on the west side 
of the Garai-Madhumati River, where the cross channels 
have an easterly flow, the tract of land on its east' side 
stretching upto the Padma-Meghna channel slopes to the west 
and the southwest* This results in bringing to this river 
some of the waters of the Arial Khan through a number of 
cross-channels Joining- the two rivers*
The Arial Khan: The Arial Khan is a major distributary 
of the Ganges and perhaps carries more water than any other 
river except the main channel of the parent stream itself*
It takes off from the Padma a few miles south of Faridpur*
It has a meandering upper course, but its character changes 
abruptly south of Madaripur, where it is joined with by two 
branches of the Padma which combine before their entry into 
the latter river* Further south the Meghna channel con­
tributes a large volume of water through numerous branches 
to the Arial Khan, which consequently assumes the character 
of an anastomosing river* It breaks up into numerous branches 
which flow in a southwesterly direction to the sea* The main
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waters of the river, however, enter the Bay of Bengal through 
the Tetulia Estuary*
The Padmai To the east of the Arial Khan is the Padma 
itself* The name Padma applies to the channel through 
which the combined waters of the Ganges and the Brahmaputra 
flow* Further downstream it occupies a channel which 
originally belonged to the Meghna River* Hence it is 
known after the name of that river in the past part of its 
course* The Padma flows in a southeasterly direction which 
is the same as the direction of the Ganges before it meets 
the Jamuna (Brahmaputra)*
Between Rajshahi and Goalundo the Ganges has a com­
paratively narrow channel, generally free from islands or 
towheads, meandering in broad sweeping curves* Below 
Goalundo, however, the Padma, with numerous islands of 
over a mile in length in its channel, looks more like the 
Brahmaputra than the Ganges* After its junction with the 
Meghna at Chandpur it braids after the Meghna pattern*
The Meghna channel, whioh now carries to the sea the 
great bulk of the waters of the Brahmaputra and Ganges, as 
well as that of- the Sylhet rivers* is more than four miles 
wide above Chandpur* Further down at about latitude 22°46»
N, it divides on either side of the island known as Char
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Matua. The right channel la called the Shahbazpur River,
»
while the left channel is still referred to as the Meghna. 
It passes on between the mainland of Noakhali District on 
the left and a number of large islands, the most prominent 
of which is Char Alexander, on the right. Webster! de­
scribes the lowest section of the river as follows:
*»Shortly before reaching the southernmost 
point of the mainland, the river is again 
divided by the large new island of Char 
Jahar, the right or the southern stream 
becoming the Katia river, which flows to 
the sea between the islands of Hatia and 
Sandwip, while the left or the northern 
branch under the name of Bamni river flows 
on between Sandwip and the mainland as far 
as the mouth of the Feni river, then turn­
ing south along the coast of Chittagong 
and again changing its name reaches the 
Bay of Bengal by the Sandwip channel.
Between the islands of north and south 
Hatia there is another wide channel known 
as the Kalaya, connecting the Hatia with 
Shahbazpur river. From Char Ababil to the 
mouth of the Feni is a distance of 6if 
miles and the Hatia river is about 32 
• miles long. The width of the river varies 
from year to year, not very greatly in the 
upper reaches, where as the bank advances 
on the one side it recedes nearly as fast 
on the other, but showing great changes 
lower down as islands form and disappear.
At present the distance between Hatia and 
the mainland is nearly twenty miles (though 
the island of Char Jabar Intervenes), the 
Bamni river is more than ten miles wide, 
while Hatia and Sandwip are fully twenty 
miles apart.”
*5Websters, J. £., Noakhali. Eastern Bengal District 




The groups of streams often referred to as the Nadia 
and Jessore rivers, after the names of the districts they 
occupy, may be classed as typically meandering streams* 
Those of Farldpur and Bakarganj^ where the juxtaposition of 
the Meghna and Arial Khan waters takes place, have charac­
teristically braiding patterns*
Meander Patterns: The meandering streams of the
deltaic plain are the Bhagirathi, Jalangi, Bhairab, Garai- 
Madhumati and their distributaries* The common charac­
teristic of these streams is their intermittant connection 
with the parent stream which lasts only for a short period 
of four months in the year at times of high flood* The 
main supply of water to most of these rivers during the 
rest of the year comes from the local sources* A number of 
pools and back-swamp jheels, which become reservoirs of 
water at times of heavy monsoon rains and overflowing of 
rivers, are a source of supply mainly through seepage to 
these streams* Some streams, like the Garai-Mandhumati and 
parts of the Jalangi and Bhagirathi, have supply of water 
enough to deal with the load which is left over on their 
beds after .the floods have subsided* Such streams, not 
being overloaded for most of the year, display a meandering 
pattern in full development• On both banks of the above 
named rivers, cut-offs and ox-bow lakes (the bhils) occur,
and the streams maintain a sinuous course, forming numerous
, i
meander loops and bends* Soma rivers, however, like the 
upper sections of the Bhagirathi, Jalangi, Bhairab, and 
Matabhanga, become stagnant pools of water or dry up com­
pletely in certain sections due to lack of water supply 
for most part of the year* The banks of-these rivers are 
composed of clay and silt and the channel shifting seems
to be a slow process*
&Strickland noted a tendency in the Garai-Madhumati 
River to straighten its course due to increased velocity 
of flow since it began to pass a greater volume of the 
Ganges water* It may probably explain the straight courses 
in the upper Garai but most of the lower Garai and Madhumati 
still remains a highly meandering stream*
The quantitative measurement of the effect of such 
factors as the homogeneity of material, bed load, turbulence 
etc* on the degree of. oscillation in each individual stream, 
is a task which still awaits a beginning*
Network Pattern: A typical example of a network of
channels has developed in the districts of 22f Parganas, 
Khulna, and,Barisal* A number of streams entering this 
swampy area from the north tend to flow toward several out­
lets such as Jamira, Matla, Raimangal, Haringhata, Tetulia,
Strickland, C*, Deltaic Formation (Calcutta: Long&ans; 
Green fir Co*, Ltd*, 19W , p * 91.
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and many others, each of which appears like an arm of the 
sea extending into the land* Between these parallel streams 
are numerous cross-channels which flow toward the back- 
swamp basin between two rivers* The water thus accumulating 
in the intervening depressions starts flowing in a khal 
parallel to the rivers, joining one of them downstream or 
entering the sea independently* The flow of water in the 
cross-channels depends on the supply from the streams which 
becomes greatest when the tides dam up the river and 
succeed in reversing the flow to a certain extent*
Braided Pattern: The braided streams are the principal
agent of aggradation in the east section of the deltaic 
plain* The Garai-Madhumati forms the boundary between the 
western section, where the meandering is the dominant 
feature of the streams, and the eastern, where the Arial 
Khan, Padma, and Meghna break up into numerous channels, 
each of which is a maze of chutes which entwine countless 
towheads* As these streams serve as outlets to a large part 
of the combined waters of the three great rivers, they have 
to carry a heavy burden of sedimentary material which 
probably is a significant factor in the development of the 
braiding pattern which they exhibit*
DEAD AND DYING RIVERS
Deterioration of some streams and the rise of others is 
a phenomenon common to most deltas of the world* In Bengal
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the term "dead" Is applied to the rivers which have com­
pletely severed their connection with the source of water 
supply* which in the case of the deltaic rivers is the 
Ganges to which they have long served as tributaries* The 
"dying" rivers are those which still retain seasonal con­
nection with the main stream but show signs of deterioration 
at the low stage*
The significance of these descriptive terms can be well 
understood with reference to deltaic Bengal where an area 
of dead and dying rivers is invariably associated with 
prevalence of malaria and other diseases* decline in soil 
fertility and consequent agricultural decadence* lack of 
water supply and high mortality rate* The district of
Jessore with parts of adjoining districts is a typical 
«
example of such decadence*
The decline of the Bhagirathi-Hoogly has attracted
greatest attentidn in recent years* as it threatens the very
7life of Calcutta as a port* Rennell had reported in 1781
that Bhagirathi and other Nadia rivers were no longer
8navigable in all seasons* In 1303 Colebrooks noted that
7James Rennell* "An Account of the Ganges and 
Brahamaputra Rivers*" Phil* Trans* Roy. Soc* London- LXXI 
(1781), p. 92*
g
R* H. Colebrooke* "On the course of the Ganges
through Bengal*" Trans* Asiatic Society* VII (1803), P* 23*
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the Garai and Ch&ndna were the only navigable channels in
the western portion of the delta and that the Jalangi and
Bhagirathi could not be depended upon* In 1803 DeGrandpre,
who sailed on the Hoogly, wrote: "When the French company
was first established in the country (Bengal), ships of war
of seventy-four guns came to Chandernagore, but afterwards
they were obliged to stop at Mayapoor, and at present can
reach no further than Cadgery, a small village at the mouth
9of the river* " It is thus obvious that the deoline of the
Bhagirathi, which started much earlier, was already in its 
last stages in the beginning of the nineteenth century* 
Calcutta then was only a small city* The growth of Calcutta 
is connected with the new lease on life which the river 
enjoyed in the later part of the nineteenth-century* The 
signs of decline are too obviously manifested again and 
constitute a problem of the first magnitude for those who 
are interested in saving Calcutta from being classed with 
the once mighty Gaurs and Satgaons which are now in complete 
ruins*
Regarding other rivers of the western portion of the 
deltaic plain Hunter^ observed:
^DeGrandpre quoted by Mukerjee, Radhakamal, The 
Changing Face of Bengal (Calcutta: University of Calcutta, 
1936), p. 190.
^°The imperial Gazetteer of India, Vol. VII, p*i»l, 
quoted by Mukerjee, The Changing Face of Bengal, p* 191*
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"The Bhairab at one time flowed across the 
present districts of Murshidabad, Madia,
Jesaore and Khulna into the Bay, but was 
intersected and cut into three pieces by the 
Jalangi and Matabhanga* In its upper course 
it at first silted up* As early as 1791* 
shoaling on the Bhairab attracted some notice*
But the river was subsequently forced open 
again by the floods in 1674 at its intake 
from the Ganges, and expanded into an im­
portant distributary which pours its water 
into Jalangi forty miles farther south* The 
result was that the channel of the Jalangi
above the point of junction began to close
up, and the Bhairab is now the channel by 
which the Jalangi proper derives its water 
supply from the Ganges* Lower down its 
main current was diverted down the Kabadak 
and the river is little more than a line of 
marshes now near Jessore town.”
The Jalangi and Matabhanga have shown some signs of life in 
the past, but for the last few decades these, as well as 
the Ichamati, Kumar, Chitra, Nabaganga, Kabadak, Betna and 
Bhadra have considerably deteriorated*
The causes which led to this decay are both natural, 
and man made. A theoretical explaination of the phenomenon, 
suggested by Fergussoh*^ and repeated time after time, is 
that the confinement of a river within its natural levees
leads to heavy deposition of material on its bed to the
extent that the bed of the river becomes higher than the 
general level of adjoining ground and results in the choking 
of the channel and diversion of its water into a new one* It
^James Fergusson, ”0n Recent Changes in the Delta of 
the Ganges,** Quat* Jour* Gaol. Soc. (London), XIX (1863), 
327.
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is obvious that a generalised theory such as this does not
* *
explain the exact nature of processes involved in the 
particular cases of each of these streams*
. Experiments made at the United States Waterways Experi­
ment Station of the Mississippi River Commisson on the 
diversion of sediments at branching channels indicate that 
a branching channel carries much greater load in proportion
to its discharge than the main channel of the stream* One 
12experiment showed a diversion of 66% of load to the 
bifurcating channel which carried only 37% of total flow*
The hydraulic principles studied in this experiment have 
many possibilities in their practical application* It has 
been recognised, however, that a number of variable factors 
affect the natural channel-oonditions, the more important 
of which are "(a) The location of the point of diversion 
with respect to the curvature of the main channel; (b) the 
shape of the bifurcation, more especially that of the - 
entrance to the branch-channel; (c) the shape of the channel 
cross-sections; (d) the ratio in which the flow is divided: 
(d) variations in total inflow or in stage; (f) water 
surface-slopes; and (g) the mechanical composition of the
Gerard H* Matthes, "Diversion of Sediments at Branch­
ing Channels,N Trans* Am* Geophvs* Union, XIV (1933), 506-9,
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13bed load*" In nature several possible combinations of 
these factors can cause endless variations*
In Bengal the problem of the deterioration of the dis­
tributary streams should be studied on the basis, of the 
quantitative measurement of their bed load and flow* and 
other possible factors that may be locally significant 
should be considered* It seems that the changes in channel 
of the Ganges itself with regard to the shifting positions
of bars and cut-banks is of considerable importance* 
lkAnderson noted the tendency for "the main channel of the 
Ganges to flow along its southern bank; and where as a 
few years ago the head of the Matabhanga was choked by a 
sand bank* a wide and deep channel now passes it and there 
is extensive erosion on either side of it*n Such changes 
are probably responsible for periodic rejuvenations of some 
of the dead or dying rivers of the western deltaic plain*
As regards man-made causes it has been .found that the 
construction of artificial levees along some of the tidal 
channels in 2k-P&rganas* Khulna and Jessore for reclaimation 
of land has lead to silting up of channels* Rail and road
13I_bid., p. 507* 
lk̂Sir John Anderson's speeches at Krishnagar and 
Berhampore* January lk and 16* 1936# quoted by Mukerjee* 
The Changing Face of Bengal. p. 193*
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embankments in West Bengal have also caused similar results 
by interfering with natural conditions of overflow at time 
of flood and recession of water to the channels at low stage*
BHILS AND JHEBLS
The terms wbhil*» and njheel" of popular nomenclature 
have often been loosely used in literature* These terms 
are applied in Bengal to hydrographic features of different 
origin and form* By far the more popular term is bhil* A 
cut-off lake or an abandoned channel with stagnant pools of 
water is a bhil and so is a back swamp, a lagoon or a 
subsidence lake* A jheel is probably a larger body of 
water with nearly circular form* The two terms are some­
times interchangeable* It is but obvious that the cut-off 
lakes, back swamps and subsidence lakes are not the same 
things and yet it is true that much confusion has resulted 
from having a single name for different hydrographic features 
which have little in common with one another*
These terms can probably serve a-better purpose if 
carefully defined and restricted in application* A great 
number of bhils are the ox-bow and serpentine lakes and 
hence the suitability of the word to designate auch features* 
Jheels, on the other hand, can be used as an equivalent to 
the English word lake, on the etang of the French* Dif­
ferentiation should be made between the subsidence jheels
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and the dwip jheels. Another folk term haor, also variously 
used in literature, can be employed for the back swamps, in 
which sense it is actually used in many parts of Bengal.
This section particularly refers to the well defined belt of 
bhils and jheels, which stretches north of the Sundarbans from 
east of Calcutta to Barisal in the districts of 2lf-Parganas, 
Khulna, Faridpur and Bakarganj. These brackish water de­
pressions of various depths and sizes will henceforth be 
referred to as jheels, to be in accordance with the above 
definition, instead of bhils, which they are frequently called.
The interesting physiographic phenomenon has excited the
imagination of many writers who have offered many explana-
1 *5tions for its origin. According to Hirst J the jheels owe 
their origin to the diastrophic causes. He believed that 
the entire belt is subjected to subsidence due to seismic 
reasons. Subsidence is accompanied by a violent earthquake 
and takes place suddenly. His hypothesis was accepted by 
Fawcus, but the geologists Hayden and Pascoe and the 
hydrologist Addams-Williams strongly challenged the view 
and "contended that the normal processes of river-action were 
a sufficient explanation of the phenomena in question.
15Hirst, F. C., Nadia Rivers (Calcutta: Bengal Secre­
tariat Book Depot., 1916), quoted by Strickland, Deltaic 
Formation, p. 53*
^Strickland, og. cit., p. 53. Views of Fawcus, Hayden 
and Pascoe, and Addams-Williams discussed by Strickland.
There there has been & subsidence in this general area is
proved by various evidence.
17Gastrell reportedt
**••• that a general subsidence has operated over 
the whole extent of the Sundarbans, if not the 
entire delta, is, I think, quite clear from the 
result of examination of cuttings or sections 
made in various parts where tanks were, being 
excavated. At Khulna . . .  at a depth of eigh­
teen feet below the present surface of the 
ground, and parallel to it, the remains of an 
old forest were found, consisting entirely of 
sundri (Heritiera littorolis) trees of various 
sizes, with their roots and lower portion of the 
trunks exactly as they must have existed in 
former days, when all was fresh and green above 
them; whilst alongside them lay the upper por­
tion of the trunks, broken off and embedded in a 
thick stratum of old half-decomposed vegetable 
mould nineteen inches in depth, from which, when 
first exposed, leaves, grasses and ferns could 
readily be separated and detached. Below this 
were other, thinner strata of clays and vege­
table mould corresponding to the Calcutta peat, 
whilst above was .a stratum of argillaceous sand 
passing into stiff blue clay containing numerous 
shells.N
Vredenburg also wrote about excavation at Jamalpur 
near Calcutta where roots of trees were found at various 
depths up to 30 feet below the present level of the ground. 
The remains of old nforgotten cultures, of tanks, temples
^Gastrell, quoted by 0*Halley, L.S.S., Khulna. Bengal 
District Gazetteers (Calcutta: Bengal Secretariat Book 
Depot., 1908), p. 15-16.
^ E .  W. Vredenburg, "Viviante in the Alluvium of 
Bengal,11 Records. Geol. Surv. India. XXXI (I90if), 17A.
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19and palatl&l buildings'1 which have often been discovered 
in the mangrove swamps also point to the same conclusion, 
that subsidence has occurred throughout this belt occupied 
by jheels* That this process is still continuing is 
evident from the fact that the jheels have enlarged their 
sizes since Rennell's survey in areas where sedimentation 
is not actively competing against subsidence*
These jheels, therefore, are delta flank depressions 
like those observable in most of the large deltas in the 
world* In the Mississippi Delta the diversion of the river 
from one subdelta to another led to complete abandonment of 
the former, as the result of which subsidence far exceeded 
sedimentation and large delta flank depressions were formed* 
In the Ganges Delta, on the other hand, in spite of the 
eastward shifting of the main channel of the Ganges, the 
distribution of sediments through the branchv channels has 
never completely stopped* Moreover, the sediments carried 
to the sea are not totally lost to the delta, as the power­
ful tidal currents, reversing the direction of flow of the 
river, bring them back to be deposited in depressions flank­
ing the tidal channels* That the growth of the delta flank 
jheels, which is proportional to the difference of subsidence 
over alluviation, has not been rapid enough in Bengal to 
compare with many other deltas, only indicates the enormous
^ M u k e r j e e ,  oj>* c i t * . p* 6*
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amount of sedimentary material which is brought by the 
Ganges River and distributed through its branches*
LAND FORMS
Natural Levees» The natural levees are the most 
dominant land form of the delta as they are of flood plain* 
Little is known about the width, thickness, character of 
material, and slope of natural levees of the distributary 
streams of the Ganges Delta* In a general way it may be 
said that in the districts of Murshidabad and Jessore the 
natural levees are much higher and wider than the rivers with 
the present discharge could possibly build, suggesting that 
rivers of considerably larger size are responsible for 
building them*
The rivers of the upper part of the delta have higher 
banks which slope down toward the back; swamps more steeply 
than those of the rivers of the lower part of the delta*
In Khulna and BakarganJ districts the natural levees are 
seldom higher than the high tide* Generally they are low, 
flat and gently sloping* The northern boundary of 24** 
Parganas, Khulna and BakarganJ districts is the dividing 
line between the two types of natural levees* This is also 
the line below which the rivers have gentle marsh type 
meanders, unlike the highly sinuous meanders of the upper 
districts* The only exception to this rule seems to be the
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Gar&i-Madhumati River, which extends its meanders lower than 
any other river down to Morrellganj, and has higher natural 
levees than most other rivers in this section of the delta*
A possible explanation of the phenomenon appears to be that 
the Garai-Madhumati is still an active stream and continues 
building its natural levees, unlike the declining western 
rivers whose levee building activity does not keep pace with 
subsidence of natural levees in the marshy coastal region* 
East of the Madhumati the top material of the levees 
of the Arial Khan and Padma is coarser than the correspond­
ing material to the west of it* The banks of the Kumar 
River which joins the Garai-Madhumati from the west consists 
of clay which contains decomposed vegetable material, par­
ticularly a species of water weed locally known as Pata 
20Saola* Silt and sand are the predominant material of the 
natural levees of the Garai-Madhumati, Chandna, Barasia, and 
Arial Khan, with a marked increase in the amount of sand 
toward the east*
During the four rainy months from June to October, when 
the jheels are full with overflowing flood waters the natural 
levees of many streams in the lower parts of Khulna and 
Bakarganj are completely submerged* Only during the cold, 
dry weather do they remain above the water. Needless to say,
20
The I m p e r ia l  G a z e t t e e r  o f  I n d ia ,  Prov* S e r . ,  o p .  e i t * ,
p* 266*
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natural levees all over the deltaic plain offer the best 
possibility for settlement and cultivation. They are dotted 
with numerous villages, sometimes extending in a continuous 
line for many miles. Efforts to reclaim land by building 
artificial levees along the coastal streams has resulted in 
agricultural deterioration.
Dwips: The building of dwips or bars associated with
some channels entering the Bay of Bengal is a phenomenon 
which requires careful study. The dwips are deposited as 
the sediment-laden fresh water enters the saline water of 
the sea.
Ellet, Stein, Humphreys and Abbot, Barton, and others 
have studied .the processes of bar building at the mouths 
of the Mississippi passes. Strickland has described the
phenomenon for Bengal rivers.
21Ellet thought that the fresh water entering the sea 
drags the saline water outward as the result of which a 
compensatory inflowing counter current develops. A "dead” 
velocity zone is created where the inflowing current re­
verses its direction to flow seaward with the fresh water. 
This zone is the site of heaviest deposition and bar forma­
tion.
21Ellet, Charles J•, Report on the Improvement of the 
Navigation across the Bars at the mouths of the Mississippi 
River. 31 cong., 2 sees., S. Doc. 17, 3tl-l&.
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Stein22 hollered that as the river water entering the
sea spreads its velocity is reduced, and deposition takes
place* According to Humphreys and Abbot,^ the force which
resists the flow of river water over the sea increases
with depth and is the least near the surface*
"As a consequence, the fresh-water as it 
enters the gulf will rise upon the salt­
water at an angle inversely as the strength 
of the current* This lifting force of the 
salt-water must widen the river current*
Since the resistance of the banks of salt­
water to the pressure of the river upon 
them is less than that of its earthen banks, 
this spreading will be further increased*
The difference in the specific gravities of 
fresh-water and salt-water will also tend 
to produce the same results*"
Thus when the fresh water of the river meets and rises upon
the sea water and forms vertical eddies, "dead angles" are
created where greatest deposition takes place*
Barton2^ came to the conclusion that the "location ofi
sand banks and bars is chiefly controlled by the deposition 
of colloidal matter which acts as an agglutinant•"
22Albert Stein, "Observations on the bars at the mouth 
of the Mississippi and Mobile Rivers," Be Bow*a Review. XXII (1660), 13-22.
^Humphreys, A. A* and Abbot, H. L«, Report upon the 
Physics and Hydraulics of the M*ssissippi Rivert etc.» 
(Washington: Government Printing Office, 1667J, p* V76.
2^Edward G* Barton, "The Work of Colloids in Sandbank 
and Delta Formation," Geographical Journal. LI (1916), 100- 
101.
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25Strickland also believed that the sediment-laden 
currents "disperse over the surface of the sea* and meeting 
the drag and deadweight of the opposing waters ••• arrange 
themselves fanwise*” Each current is divided into two 
main streams* The sediments are deposited in the comparative-* 
ly still area between the streams opposite the point of 
bifurcation* "as well as along the laterally opposing masses 
of seawater*" When two bifurcated currents join* their in­
creased volume enables them to pursue a single course for a 
longer distance* Thus the deposition leads to the forma­
tion of horseshoe shaped bars called "dwips*" The open side 
of the horseshoe faces, the sea* There is a shallow de­
pression or a lagoon within the arms of the horseshoe which 
may join and completely enclose the lagoon or the "dwip 
jheel." The situation is* however* complicated by the effect 
of the tides* which are so strong in the eastern part of the 
Bay of Bengal that they can not only distrub the flow of 
fresh-water current to the sea but can also reverse the di­
rection of the stream* which flows inland and distributes its 
water through cross-channels connecting it with other streams*
SEDIMENTATION
Sedimentary Loadt The total amount of sedimentary 
material carried by the combined waters of the Ganges and
 ^---------
^Strickland, fijg* cit*. p* 12*
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Brahmaputra below the Goalundo confluence is not known*
26Estimates based on Everest•« observations near Gazipur
showed that the river discharged about 500,000 cubic feet 
of water per second during the rainy season and about 100,000 
cubic feet per second during the eight months of dry season, 
in one particular year*
Lyell2^ computed the amount of suspended material 
carried by the river at that point assuming that the solid 
material was 1/423 of the water by weight and I/656 by bulk* 
This gave a total annual discharge of 6,366,077,440 cubic 
feet of sediments out of which 6,062,041,600 were discharged 
during the 122 days of rain* In terms of weight, Lyell's 
calculations showed an annual discharge of over 355 million 
tons, or about a million tons per day* It may be pointed 
out that these estimates do not take into account the load 
of the river which is dragged along the bed in a semi-suspended 
state and which may constitute a considerable part of the total 
load in a river like the Ganges, which receives enormous 
amounts of sand from many of its torrential tributaries* Alos, 
these estimates are based on the observations recorded in one 
single year* As the volume of discharge by each tributary
26R* Everest, "Some observations on the Quantity of 
Earthy Matter brought down by the Ganges River," Jour* Asiatic 
Soc* Bengal■ I (1632), 236-42*
27Lyell, Sir Charles, Principles of Geology (New York: 
D* Appleton and Company, 16^9), Vol* I, 11th ed*, p* 476*
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stream largely depends on and Is proportional to the amount 
of rainfall received in its catchment basin from the south­
west monsoon winds, the discharge of the Ganges is liable to 
much fluctuation from year to year#
Moreover, even more reliable figures for Gazipur cannot 
be considered to represent the total discharge of the river 
as this city is situated at a point 500 miles up-stream, 
before some of the most important tributaries like the'Gogra, 
Gandak, Son, Kosi, and others contribute their heavy burden 
to the Ganges#
26According to Mukerjee, the normal flood discharge at
Hardwar, where the river enters the alluvial valley from the
mountains, is 207,000 cubic feet per second, but in another
thousand miles (that is, near Rajmahal) it increases to 1#6
29million cubic feet# Chatterjee estimates a flood discharge
30of about 1.5 million cubic feet per second# Majumdar 
mentions the maximum flood discharge of 2 million cubic feet 
per second at Sara, which is situated sixty miles up-stream 
from the Ganges-Brahmaputra confluence, as against Rajmahal
0p» cit• | p* 21f*
^Chatterjee, S# P., Bengal in Maps (Calcutta: Orient 
Longmans, 1949)# P« 10#
3°Majumdar, S# C., Rivers of Randal Delta (Calcutta: 
University of Calcutta, 1942), P« 1*6#
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which is about 160 miles from the same point* Thus it is 
suggested that the load of the river near the head of the 
delta is much larger than it was found to be at Gazipur*
The Brahmaputra, which in terms of volume and load is 
considered the larger of the two rivers, includes within 
‘its drainage basin the Assam Valley which receives an average 
rainfall of 86 inches annually. Excluding the waters of 
the Tiata River system, which now join the Brahmaputra to its 
advantage, its discharge probably equals that of the Ganges* 
According to Chatterjee,^ the volume of water that passes 
through the Jaxmxna channel during the monsoon months amounts 
to about 2 million cubic feet per second* The combined 
waters of the two rivers passing through the Padma may, 
therefore, equal or even exceed. 3 million cubic feet per 
second at the height of floods in both rivers* Ho quantita­
tive measurement of silt discharge by the Padma are avail­
able, but it seems obvious that it is many times larger than 
Lyell*s estimated figure for Gazipur*
The Ganges distributes some of its sedimentary load to 
its distributaries, the more important of which are now the 
Garai-Madhumati and Arial Khan systems* The choking up of 
the more western rivers of the delta in recent decades has 
resulted in greater alluviation in the eastern section*
31q p . cit*. p* 10
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32Vernon-Harcourt * a measurement of Hoogly waters at the
point where the Rupnarayan enters It showed a maximum 
flood discharge of 1,350,000 cubic feet per second, of 
which 200,000 are derived from the Ganges; 450,000 from the 
tributaries above Calcutta; and 700,000 from the Damodar 
and Rupnarayan. The above discharge could be reached only 
when all the tributaries were in flood at the same time.
The dry^eeason minimum, however, is 21,000 cubic feet. The 
contribution of the Ganges to the Bhagirathi waters, some 
200,000 cubic feet, appears quite impressive, but Vernon* 
Hardcourt noted a deteriorating tendency in the river which 
in the course of fifty years has become considerably more 
pronounced. The ratio of sedimentary material discharged 
during the year to the total discharge of the river was 
calculated at 1 in 2,444- which is much less than that given 
for the Ganges.
The immense amount of material transported by the Padma
can be judged from the great magnitude of towheads (chars)
formed in its channel in a few years.
"Some of these, many miles in extent, have 
originated in large a&nd-b&nks thrown up 
round the points at the angular turning of 
the rivers .... Others, formed in the main 
channel, are caused by some obstruction at 
the bottom. A large tree or a sunken boat,
32L. F. Vernon-Harcourt, "The Hoogly," Jour. Geog. Soc. 
London, XXVI (1905), 554-56.
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is sometimes sufficient to check the current 
and cause a deposit of sand, which accumulates 
till it usurps a considerable portion of the 
channel. The river then undermines its banks 
on each side, to supply the deficiency in its 
bed, and the island is afterwards raised by 
fresh deposits during every flood* **33
While the river forms new islands it sweeps away the old
ones* Erosion and deposition continue simultaneously on a
34grand scale* Colebrooke mentions that in the course of a 
few years the Ganges carried away from one side of its bank 
an area equal to forty square miles or 25,600 acres by “the 
most moderate calculations*“ But he observed deposition on 
the opposite bank and down-stream along a newly formed 
island*
The material transported by the Ganges and Brahmaputra 
consists of fine sand and silt* The Ganges sand is micaceous 
and lighter in color than that of the Brahmaputra* No 
gravels are carried by any of these rivers even during the 
flood season*
Thickness of Sediments: The records of the artesian
35boring at Foxt William, near Calcutta, are often employed 
to estimate the depth of alluvium in the deltaic area* This
^Lyell, op* cit*. p* 470*
^Colebrooke, op. cit*. p* 14*
■^H* B* Medlicott, “Artesian Borings in India." Records. 
Geol* Surv* India. XIV (1BB1), 221*
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boring showed that dark colored carbonaceous clay* extends 
for about 40 feet below the surface material which was found 
to be 10 feet thick* Further down clay continued to be 
predominant, but it was found mixed with sand and kankar 
(a nodular, concretionary, argillaceous limestone). From 
75 to 175 feet below the surface, beds of silicious clay, 
sandy clay, marl, sand, marl and sandy clay were entered 
upon. Grains of laterite were found in the last named bed, 
showing that it was sometime exposed at the surface, as the 
result of which oxidisation had taken place. Below this 
occurred a layer of quartz gravel, probably derived, from the 
Deccan Plateau by a stream entering the delta from the west. 
The various beds pierced below, consisted of ferruginous 
clay, sand, clay and sand mixed with kankars and pebbles, 
blue marl, and shells. At the depth of about 380 feet was 
found a ten-foot layer of peaty clay and decayed vegetable 
material similar to the Sundarban vegetation. An abrupt 
change was observed in the nature of deposits, which con­
sisted of sand, gravel, and boulders at a depth of 392 feet 
below the surface. The operation had to be abandoned at.a 
depth of 481 feet, when the thickness of the graveliferous 
bed had already reached 89 feet. The gravels were found to 
be increasingly larger in size toward the base. The occur­
rence of a thick gravel bed at a depth of 400 to 500 feet is
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significant, as it implies considerable change in the river 
gradients* It may, however, be observed that this boring 
records the strata of the western edge of the delta, under 
which the possible continuation of the Peninsular Massif may 
not have allowed the subsidence to the same extent as might 
be expected further east*
Growth of the Deltat A significant feature of the 
Ganges Delta is that in spite of heavy alluviatlon it has 
remained materially unchanged in extent during the last two 
hundred years* Also, the delta face in the eastern section, 
where the Padma empties the bulk of its sedimentary load, 
shows much smaller seaward extension than in the western
section* Various explanations are offered for the phenomena*
36Chatterjee-^ believes that ttthe two tidal waves in the 
Bay coming from the west and east are exceptionally strong 
and carry a large part of the suspended river silts, which 
gets deposited where these two waves meet near the western 
face of the delta**1 There is a great increase in the height 
of tidal waves from west to east* The figure is about 12 
to 13 feet on the west coast and 40 to 50 to the east* The 
wave generally rises to about 20 feet in the Meghna Estuary 
but the worst bore occurs when the strong summer monsoon wind.
36q p * cit** p* 6*
220
blowing from the south pile up a huge quantity of water which
37moves like a wall* ' These tidal bores are probably re­
sponsible for both pushing a part of the sedimentary material 
far inland and carrying a part of it into the open sea with 
flow and ebb respectively, with the result that the chances 
of its being deposited opposite to the great estuary are much 
reduced* Another possible explanation for the greater sea­
ward advance of the delta face in the west is that until 
recently the Ganges occupied more westerly oourses and 
remained engaged in building out that section of the deltaic 
plain* These and possibly other local factors which' are 
yet to be investigated, are of considerable significance in 
explaining the phenomenon* But it appears to the writer that 
the enormous amount of sedimentary load discharged by the 
combined Ganges and Brahmaputra below Goalundo cannot be 
fully accounted for without considering the downward move­
ment of the strata, which allows greater vertical rather 
than horizontal extension of the delta*
^Websters, o p * cit*. p* Jf-5*
3d C h a t t e r j e e ,  o p * c i t * . p* 6*
CHAPTER VIII 
MODERN SUBDELTAS OF THE GANGES
The deltaic plain of Bengal is the product of delta 
succession. It is an extensive alluvial tract comprising 
approximately 25*000 square miles. Several subdeltas 
associated with the individual channels of the Ganges can 
be recognized. There is evidence to support the belief 
that the delta succession in modem times has generally pro­
ceeded from west to east. Rennell (1761), Ferguson (1663), 
Bhattasali (1941)* Majumdar (1942), Bagchi (191+4), and others 
are in complete agreement in considering the Bhagirathi as 
the earliest channel of the Ganges. It is believed that the
diversion of the bulk of the Ganges waters into the Padma
occurred as recently as the beginning of the sixteenth 
century A.D. However, it is not possible to deny that the 
Padma existed as one of the distributaries of the Ganges well
before th« beginning of the Christian era. Magasthenes^
mentioned the channel in 300 B.C. and called it the principal 
course of the Ganges.
^Bagchi, Kanangopal, The Ganges Delta (Calcutta: 
University of Calcutta, 1944), p* 47*
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Considerably detailed information is available from 
2Ptolemy*s account of India in which he gave the geographical 
location of the principal mouths of the Ganges* He mention­
ed five mouths of the river and placed them within four 
degrees of longitude. He called them the Kambyson, the Mega, 
the Kamberikhon, the Pseudostromon, and the Antibole* The 
westernmost of these mouths was the Kambyson, situated at 
longitude li+4° 30* and latitude 18° 15* in Ptolemy's map*
This mouth is recognized by Bhattasali as the Sagar Island 
mouth of the Bhagirathi. The next mouth to the east, Mega
(long. l/f5°lf5*, lat. 1£°30') is identified with the
3Raimangal or the Hariabhanga channels* Bhattasali thinks
that this mouth was
"the outlet for Adiganga channel flowing 
by Kalighat in Calcutta in which Ganges is 
traditionally believed to have flowed in 
very early days. From its name Mega or the 
Great, it appears to have been of greater 
importance in Ptolemy's days than the 
Kambyson mouth* The Matla channel, about 
half a degree westward, is ignored by 
Ptolemy.«
The third mouth Kamberikhon (long. 12f6°30', lat. 18°lfOf) 
is believed to be the present Haringhata channel.
2N. K. Bhattasali, "Antiquity of the Lower Ganges and 
its Courses," Science and Culture. VII (1941)* 233-39*
^Bhattasali, op. cit,. p. 23S.
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Pseudostomon mouth (long. 12f7°l|-0*) is located by measure­
ment as the Shahbazpur channel of the Meghna River, while
the easternmost mouth called Antibole (long. 12f^°30'), 
olat. 18 151) is considered to be the Sandwip channel.
If.Accoring to Bhattasali,
tfPtolemyfs easternmost course of Antibole 
would appear to have been the principal 
course of the Ganges in his days, as the 
Peripus of the Erythrean Sea compiled 
about 60 A.D. by an unknown author, know3 
of no other course,”
Thus we find that as early a3 2,000 years ago the
Padma was either the main channel of the river or at least
a prominent distributary. And yet an array of evidence
can be marshalled to show that in the subsequent centuries
the Bhagirathi, and not the Padma, was the real Ganges.
How far these lines of evidence can be relied upon is not
yet known. The degree of their accuracy can be ascertained
only through field investigations. If, however, it is true
that the Padma was the principal outlet of the Ganges, in
ancient times the eastward march of the river which began in
the sixteenth century was not the first. The possibility is
that all the major distributaries have existed for a long
time and the Ganges has swung east and west between the two
extreme channels several times. Even after Rennell*s times
^Ibid., p. 233.
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minor fluctuations have occurred. Rennell had pronounced 
that the Bhagirathi was unfit for navigation but later it 
increased its volume of water considerably and became the 
main artery of trade and commerce. Also the Garai- 
Madhumati channel, which was not mentioned by Rennell, has 
assumed importance since then and marks the revival of a 
western river after the latest eastward diversion was 
completed.
With regard to the relative age of the Bhagirathi and
the Padma the evidence seem to weigh more heavily in favor
6of considering the former the older of the two. Majumdar 
believed in the existence of two independent river systems 
in Bengal west of the Madhupur Jungle before the Ganges 
turned east for the first time. According to him the Ganges, 
turned due south after skirting the Rajmahal Hills, and 
operated as a delta-building river through the Bhagirathi 
and its distributaries, while the north Bengal rivers passed 
through the Meghna Estuary to the sea after having combined 
into one stream.
5james Rennell, ”An Account of the Ganges and Brahmaputra 
Rivers,” Phil. Trans. Roy. Soc. London. LXXI (1761)> 92.
^Majumdar, S. C., Rivers of the Bengal Delta (Calcutta: 
University of Calcutta, I9*f2), p. 69-71*
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O ’Malley^ suggested the possibility that the Bhairab 
was the continuation of Mahananda River of north Bengal which 
now joins the north bank of the Ganges nearly opposite to the 
point where the Bhairab leaves it. If that be so, the con­
tinuation of the Tista river system right to the sea east of 
the Bhagirathi-Ganges cannot be rules out as a possibility.
As already stated, the deltaic plain extending between 
the two outermost distributaries consists of a succession of 
subdeltas which were built by the major streams and their 
associated distributaries, when each of them became the
principal channel of the Ganges at one time or another.
6According to Bagchi, the building of the delta was accom­
plished in several stages, in each of which one of the present 
distributaries became more active than the others. However, 
he did not claim that the "development of successive stages" 
as presented by him is in an absolute chronological order.
"What is intended to be emphasized is that 
all the different distributaries were not 
equally active simultaneously to contribute 
to the delta formation. ... The active 
stage of delta formation ... migrated south- 
eastwards in time and space, leaving the 
rivers in the old delta, now represented by 
Murshidabad, Nadia and Jessore (rivers) •••• 
to languish or decay."9
70»Malley, L.S.S., Murshidabad. Bengal District 
Gazetteers (Calcutta: The Bengal Secretariat Book Depot., 
19lO, p. 7.














The Bhaginathi Subdelta: The eastern extent of the
subdelta is not well defined. The western boundary is marked
by the alluvial cones deposited by the streams originating in
the Deccan Plateau and flowing eastward to join the
Bhagirathi. The present Bhagirathi flows close to its western
bank which is ordinarily higher than the eastern. A part of
the subdelta probably lies buried under the comparatively
coarser alluvium of the western tributaries of the Bhagirathi*
The Saraswati channel, on the bank of which the ancient city
of Satgaon was situated, existed in the seventeenth century
10as the western bifurcation of the lover Bhagirathi. Later 
it lost connection with the main river having been captured 
by the Damodar which played an important part in completely 
silting up the channel.
Among the eastern distributaries of the lower 
Bhagirathi, which were responsible for building the major 
part of the subdelta, are the Bidyadhari, Piali, and Jarauna. 
The Hoogly, Jamira, Matla, and Raimangal are the mouths of 
the rivers associated with the Bhagirathi system opening as 
great estuaries into the Bay of Bengal.
The Hoogly, through which now flow the waters of the 
Bhagirathi, was probably a western distributary of the river.
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The original course of the river
’’was identical with the present Tolly’s 
Nullah as far as Gariya, about 8 miles 
south of Calcutta, from which point it 
ran to the sea in a southeasterly 
direction. The old channel, which is 
still traceable for a considerable 
distance, has long ago dried up, and the 
bed now consists of a series of shallow 
pools. Many large Hindu villages are 
situated on the banks of the old stream 
which is called the Adi or original 
Ganga.
The Jamuna forms the eatern boundary of the subdelta.
The Bidyadhari is divided up in the lower part of its 
course into numerous tidal channels. The Piali is an 
important cross channel from the Bidyadhari to the Matla.
The Bhairab Subdelta lies east of the Bhagirathi sub­
delta and partly covers it. The waters of the Ganges which 
assumed an easterly trend as the result of deterioration in 
the Bhagirathi channel, found an outlet in the Bhairab, 
which is believed to have existed for a long time as an in­
dependent river carrying the waters of the Darjeeling 
Himalayas to the sea. Earlier interception of the Ganges 
with the south-flowing drainage system had made it a 
distributary of the river, which was considerably enlarged 
on becoming the main channel of the Ganges and carried much
~^The Imperial Gazetteer of India. Provincial Series. 
Bengal, Vol. 3. (Oxford: At the Claredon Press, 190Q),
p. 355.
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1 2greater volume of water than it did before* The land
associated with the Bhairab and its distributaries became
the site of active alluviation and delta building* Later
deterioration of the river split it into three streams, the
Jalangi, Bhairab, and Matabhanga, but prior to its decay it
maintained a mighty channel from its Padma off-take near
13Rajshahi to the Haringhata Estuary* The Bhairab- 
Bhagirathi Doab, an extensive low-lying intervening tract 
between the two rivers, was gradually built up by the 
distributaries of the Bhairab* Some of those actively in­
volved in the process were the Jamuna, Churni, Xchamati,
Betna, Kabadak, Bhadra, Rupsa, and others*
The Matabhanga Subdelta: The next distributary to
attain prominence was the Matabhanga* Further eastward 
migration of the Ganges resulting from the deterioration of 
the Bhairab River, opened a new channel not far below the 
Bhairab off-take* The first left-bank distributary of the 
Matabhanga was the Kumar, followed by the Nabaganga and Chitra 
further down stream* The Matabhanga flowed south and captured 
a part of the Bhairab from SukaJLpur to Sultanpur and thence 
transmitted its waters to the two right bank distributaries,
^Garrett, J* H* E,, Nadia. Bengal District Gazetteers 
(Calcutta: The Bengal Secretariat Book Depot*, 1910), p* if*
13Bagchi, op* cit•, p* 52-53*
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the Churni and the Ichamti, which had earlier served the
IkBhairab system similarly# The scanty information of the
area does not allow a satisfactory answer to the question as
to which of the various channels served as the trunk stream
for the Matabhanga system. More certain is the fact that the
three left-bank branches of the river, namely the Kumar,
Nabaganga, and Chitra have played a significant role in the
eastward extension of deltaic sedimentation. Of the three
probably the Kumar was the largest and continued to be
important until the Garai-Madhumati appeared on the scene and
usurped the lower part of the Kumar,
Arial Khan Subdeltat The Ganges flowed down the Arial
Khan a little more than a century ago and was mapped by
Rennell as the main channel of the river. According to 
15Bhattasall it was already an important river in l62Jf A.D, 
Van den Broucke*s map of 1660 also shows it as the main 
Ganges River. The Arial Khan subdelta includes the eastern 
sections of Faridpur and Bakarganj districts and represents 
the easternmost extension of the deltaic plain.
Between the Matabhanga and Arial Khan rivers there re­
mained an extensive low-lying belt not subjected to large- 
scale alluviation by either of the two. It consisted of
12+Ibid., p, 53.
■^Bhattasali, op. cit.. p, 235.
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back swamps and jheels between the distributary streams of 
the two systems.
The Garai-Madhumati Subdelta: The Garai River, which
lies west of the Arial Khan, existed as small channel between
the Ganges and the Kumar until the beginning of the
nineteenth century."^ It suddenly grew in size and became an
important outlet of the Ganges waters. According to 
17Majumdar, the development of Garai was ’’due to the diver­
sion of the Brahmaputra through the Jamuna channel meeting 
the Ganges at Goalundo, thereby heading up the Ganges flood 
to a certain extent and forcing it to find some other outlet
higher up,” Describing the development of Garai-Madhumati,
ISfollowing the Brahmaputra floods, O ’Malley writes:
”At the point where the Garai now receives 
the Kumar, the Kumar when received th Garai, 
which at that time was but a cross stream 
from the Ganges. A little further down the 
old Kumar sent off a channel, Barasia, which 
flowed southward, while the Kumar continued 
its eastern course toward the Ganges beyond 
Faridpur. When the head of the Kumar .began 
to silt up, the Ganges poured more and more 
of its waters down the Garai which then be­
gan to swallow up the Kumar. The Garai, 
then, reinforced continued its course down 
the Barasia and the latter, which had
^Bagchi, op. cit.. p. 54*
-̂ 7QUOted by Bagchi, op. cit. . p. 54 (footnote) .
•^O’Malley, L.S.S., Jessore. Bengal District Gazetteers 
(Calcutta: The Bengal Secretariat Book Depot., 1912), p, 6-
7.
236
hitherto been but a narrow river, proved 
unable to carry off this influx of water, 
and opened out a new western channel 
called the Alangkali. These two viz., the 
Barasia and the Alangkhali, united in a 
great marsh, which occupied the site of 
Mukimpur Pargana and formed that wide 
stream above the confluence, to which the 
name Madhumati was extended•”
The Garai-Madhumati and other channels of this system 
are now engaged in building a subdelta west of the Arial 
Khan system. It covers parts of the older subdeltas of the 
Bhairab and Madhumati.
No subdelta is associated with the Meghna channel, which 
carries the bulk of the combined discharge of the Ganges,
Brahmaputra and Meghna today. Probably the most inportant
!
factor is the exceptional strength of the tidal current 
which attains a height of more than twenty feet in the 
Meghna Estuary and is responsible for diverting a part of the 
river load into cross-channels which join the Arial Khan. 
Recent erosion of the Noakhali coast which washed out the 
headquarters of the district in 1951 shows that the current 
velocity of the river in rainy season is more than equal to 
the task of transporting the sediments it brings down to the 
estuary. The writer is of the opinion that the application 
of broad generalized principles, however logically sound they 
may be, cannot satisfactorily account for the highly complex 
phenomena - of excessive sedimentation and no landbuilding in 
two hundred years - observed at the Meghna Estuary. Only a
237
thorough field study of all the locally significant factors 
can furnish a satisfactory answer.
DIVISIONS OF THE DELTAIC PLAIN
Bagchi*^ has divided the deltaic plain from the
Bhagirathi to the Meghna into three distinct parts, on the
basis of the state of maturity reached by each section. He
calls them moribund, mature, and active deltas, and defines
these terms as follows:
•'The part characterised by dead rivers - dead in 
the sense that they have lost connection with the 
main channels and have no longer any off-take 
now - may be considered as 'moribund deltat No 
silt is added to the region now and active land 
formation has ceased. The portion where rivers 
are active yet, but have just ceased carrying 
silt and maintaining their function of active 
land formation may be termed 'mature delta*•
The land has attained maturity but decay has 
not yet set in. The third subdivision, namely, 
'active delta,* is characterised by active 
streams carrying silt, where land building is 
still proceeding in full swing."
Moribund delta: The triangular area bounded by the
Bhagirathi, Garai-Madhumati and a line drawn from north of
Calcutta to the Madhumati passing through Khulna may be
designated as the moribund delta. It includes the districts
of Nadia, Jessore, eastern half of Murshidabad and parts of
21+-Parganas and Khulna. It is characterized by numerous
stagnating streams with little or no inflow of water which
remain confined within their natural levee even during the
190p. cit., p. 59-60.
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flood season. The interriverine tracts are back swamps with 
extremely poor drainage.
Mature delta; South of the Calcutta-Khulna line and 
north of the Sundarbans there is a strip of land extending 
from west to east upto the Madhumati, called the mature 
delta, which can be distinguished from the moribund and 
active deltas. In this section of the delta the rivers, re­
ceiving water from the run-off of the adjoining country, 
maintain their flow and during the flood season deposit 
sediments by overflowing their banks and build their natural 
levees. But the balance between alluviation end subsidence 
in the tracts between the major streams, which are 
characterized by the presence of large number of cross­
channels, is in favour of subsidence, as the result of which 
a chain of brackish water marshes has developed from east of 
Calcutta to Barisal, A typical section of the mature delta 
is in Khulna District, between the Jamuna and the Madhumati, 
The Bidyadhari, Pussur, Kabadak, Bhadra, and other rivers
whic'h have been active at one time or an other, built up
this section but decay has set in with the deterioration of
20these streams, 0 TMalley described their condition as 
follows:
••They were at one time great waterways with a
good depth of water even in the dry season, and
20o!Malley, L.3.S., Khulna, Bengal District Gazetteers 
(Calcutta: The Bengal Secretariat Book Depot., I90B), p, J?«
22fO
during the rains carried down a large volume 
of flood water* But, one by one, their heads 
have closed up and their lower reaches have 
consequently deteriorated. ... Now there is 
scarcely a river that does not become brackish 
in the dry season, and saline water forces its 
way far inland.11
Active Delta. Bagchi’s active delta consists of the 
tracts lying east of the Madhumati and south of the chain of 
jheels. The Madhumati-Meghna Doab, which consisted of a 
chain of islands separated by wide rivers in the thirteenth 
century A.D., is being built up by the Arial Khan and its 
distributary system. The Arial Khan and its associated 
streams, though no longer the main outlet of the Ganges 
water to the sea, receive considerable supply of silt-laden 
water to maintain their delta-building activity.
The strip of land designated as the Sundarbans extends over 
over an area of 6,250 square miles from 22+-Parganas to 
Bakarganj. The Sundarbans cannot be called an active delta 
in the strict sense of the word, as they do not receive 
much sediment directly from the Ganges. The inclusion of 
this area in the category of active delta by Bagchi, seems 
to be on grounds that the processes of land-building are 
still in progress as the result of strong tidal currents which 
flow up these channels with considerable amount of sedimentary 
material transported by the streams down to their mouths at 
flood time. As the result of such action there is a ledge of 
comparatively high ground south of the actively subsiding 
area of marshes and jheels.
CHAPTER IX 
SUMMARY AND CONCLUSIONS
The Lower Ganges Valley is a definite physiographic 
unit and stands sharply contrasted with the Upper Ganges 
Valley. The division is based on the distribution and 
extent of khadar (floodplain material) and bhangar (Pleis­
tocene terraces).
The Lower Valley consists mostly of khadar with 
isolated islands of bhangar. The Upper Valley, on the 
other hand, is mostly bhangar with narrow fingers of 
khadar extending with the rivers. The Middle Ganges Valley 
is a transitional zone between the two contrasting areas.
The present Ganges-Brahmaputra drainage system of 
Bengal dates from late Pleistocene times when the Indobrahm 
and Tibetan River of the Tertiary were captured by the 
rivers of the Lower Ganges Valley portion by portion. This 
resulted in the complete reversal of the drainage, which 
until then flowed westward and joined the Indus River system. 
The Ganges, therefore, is a younger river than the Mississippi, 
and has a unique geological history.
The comparable geological features of the two valleys are 
the structural troughs. The Ganges Structural Trough, with
22*1
2if2
its axis running along the river, is similar to the Missis­
sippi Structural Trough in many respects* The Bengal-Assam 
Structural Trough, being at right-angles to the Ganges, is 
comparable with the Gulf Coast Geosyncline, in its align­
ment with respect to the river*
During the Pleistocene when the Bay of Bengal extended 
as far north as the Shillong Plateau bhangars of the Barind 
and Madhupur Jungle were deposited as the deltas* The 
Ganges and Brahmaputra played the most prominent role in 
alluviating the Pleistocene gulf, and the site of active 
deposition shifted more and more to the south* The Barind, 
Madhupur Jungle, Lalmai Hills, and other areas of old 
alluvium are Pleistocene terraces which have been subse­
quently upraised*
The Lower Ganges Valley has witnessed many changes in 
the drainage patterns* In prehistoric times the Brahmaputra 
flowed more or less in its present course* Later it was 
diverted to the east of the Madhupur Jungle* The abandon­
ment of its last course in favor of the present Jamuna 
channel was completed in the early nineteenth century*
The Bhagirathi is believed to be the earliest course 
of the Ganges* The main waters of the Ganges have succes­
sively passed through numerous distributaries, with a 
general swing toward the east, until they occupied the 
present Padma-Meghna channel* Westward swings are also
2if3
known to have occurred* Thus, the Ganges seems to have 
oscillated between its two outermost distributaries*
The north Bengal rivers have dominated the scene in 
the Ganges-Brahmaputra Doab, while the Meghna and its 
tributaries have been the main aggrading streams in the 
Meghna-Brahmaputra Valley*
The rivers of the flood plains are generally shallow, 
wide, and braiding* The Brahmaputra has a greater sedi­
mentary load, with higher percentage of sand, than the 
Ganges* The stream patterns of the Ganges Valley can be 
contrasted with those of the flood plain of the Mississippi 
River, where meandering is the dominant pattern* The de­
velopment of a meandering pattern in the Mississippi Valley 
is, however, comparatively a recent phenomenon, as during 
most of the Recent, braided streams were the principal agent 
of valley aggradation*
The distributary streams of the deltaic plain of the 
Ganges display a characteristic development of meandering 
pattern* In their upper portions they maintain highly 
sinuous courses but on entering the belt of the coastal 
marshes they straighten out or have slight bends* The only 
exception is the Garai-Madhumati, which today is actively 
engaged in building its natural levees* Similar conditions 
obtain also in the deltaic plain of the Mississippi River, 
where marsh-type meanders are associated with the lower seg­
ments of the streams*
21fif
The major land forms of the flood plains in the Lower 
Ganges Valley are the Pleistocene terraces, alluvial cones, 
and natural levees* The Pleistocene terraces stand con­
spicuously high above the flood plains* Being subjected to 
erosion, they present a hilly aspect* Alluvial cones are 
associated with the Himalayan streams in the Doab and with 
those of the Shillong Plateau and Tripura Hills in eastern 
Bengal. The alluvial cones have partly covered the Barind 
Pleistocene terrace. The natural levees of the Brahmaputra 
are flat, gently sloping, and wide. The levee material is 
largely sand. The natural levees of the Ganges, which 
contain higher amounts of silt, mixed with fine micaceous 
sand, are more comparable to the levees of the Mississippi 
than to those of the Brahmaputra or the Meghna.
In the deltaic plain the natural levees of active and 
moribund streams and dwips are the important land forms.
The levee patterns are similar to those in the Mississippi 
Delta* The dwips are bars associated with active channels 
entering the Bay of Bengal, and are like those observed at 
the mouths of the Mississippi passes* The shape and size 
of the dwips, however, are considerably affected by the 
strong tidal currents in the Bay*
The bhils and jheels are scattered all over Bengal, and 
owe their being to different causes* Serpentine and cut-off 
lakes are common in the northwestern section of the deltaic
plain. Back-swamp and inter-levee jheels flank most rivers. 
A chain of jheels stretches from west to east in the lower 
part of the delta. Bore holes, tank excavations, and 
archaelogical evidence suggest considerable subsidence in 
this area. Many of these jheels are, therefore, delta-flank 
depressions. In the deltaic plain of the Mississippi River 
the delta-flank depressions are much larger than these, 
because of the complete abandonment of older subdeltas by 
the river. In the jheel belt of the Ganges Delta, on the 
other hand, the processes of sedimentation and subsidence 
operate simultaneously.
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APPENDIX 
A GLOSSARY OF INDIAN WORDS
Baid* Dark-colored clayey material of Recent origin found 
in the basins and abandoned stream channels in the 
Madhupur Jungle area*
Bhabar, Coarse, porous material of alluvial fans, generally 
associated with the Himalayan streams*
Bhangar* High ground adjoining flood plains which remains
above the level of floods* In Bengal it is called older 
alluvium* Probably it is Pleistocene terrece.
Bhil, A general term for lakes and marshes of different 
origin; should be restricted to mean a cut-off lake*
Char. Towhead; newly deposited material.
District. Administrative subdivision of Indian states and 
Pakistani provinces*
Doab (Do-ab). Literally, two waters* Physiographically 
tract of land between two rivers*
Duar. The wet, marshy terai (g.v.) zone of Bengal.
Dwip. Horseshoe-shaped bars deposited by some active streams 
in the Bay of Bengal*
Haor. Back-swamp lake*
Jheel. A general term for lake*
Kankar. A nodular, concretionary, argillaceous limestone*
Khadar. Flood plain; floodplain material*
Khal. Small stream in flood or deltaic plain.
Khiar. Red-colored, clayey material derived from the Barind 
and Madhupur Jungle*
Nullah, Small narrow rivulet*
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Pali. Brahmaputra floodplain deposits composed of fine 
whitish sand, generally devoid of vegetation.
Terai. The lower swampy sungle fringe of the bhabar (g. 
deposits where streams reappear at the surface. 
Characteristically developed in Uttar Pradesh and 
Bihar.
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